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damage due to climate change is required in order to minimize
this hazard.
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Risk assessment is predominantly used to provide advance
responses of damage to businesses from a natural disaster, in
this case flooding. Damage from the probable flood is
determined based on actual cases of previous damage, and the
risk is assessed using probability and damage scales. The risk
is assessed by taking into account the applicable hazards and
applying them to the vulnerable area. The itself assesses the
risk in order to maximize economic profits using an urban flood
risk assessment and financial statements. However, for the
business to assess the flood risk accurately, the assessment
should consider not only the company itself but also its general
location, for example, industrial parks, which manage the
infrastructure necessary for business activities, such as
industrial water, roads, and electricity. Considering this, a
comprehensive flood risk assessment is required by the
business.
Therefore, in this study, to assess the flood risks according to
the climate change, the risk assessment system considering the
multiscale is suggested. To do that, first, mesoscale and
microscale were defined and the assessment subjects and the
spatial range of the assessment subject were established.
Second, the assessment methods in each spatial unit were
selected. The assessment method can be varied depending on
the assessment goal and the spatial range, and the risk
assessment in the mesoscale used the concepts of vulnerability
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and hazard and the risk assessment in the microscale used the
concepts of probability and the consequence. Third, the data
were built through the site survey, expert consultation, climate
scenario, in-depth interview with the interested persons, and by
collecting the damage data by the flood in the actual enterprise
and industrial park. The flood risk in the enterprise was
assessed finally by aggregating them with risk matrix after
assessing each risk in the mesoscale and microscale. Since this
assessment system considers diverse environments related to
the enterprise and the characteristics of the enterprises, it can
be used as useful assessment tool to reduce the actual flood
risks in the enterprise.
This study suggested the flood risk assessment system in
the multiscale and applied it. Considering the business type, four
enterprises, which required the flood risk assessment were
selected. The selected enterprises are the power plant, the
manufacturer of electronic component, the EPS manufacturer,
and the pulp and paper manufacturer.
In the mesoscale, the hazard and the vulnerability was
assessed based on the index and each assessment results were
aggregated to risk matrix after rating them. The indexes were
listed from the preceding researches and the vulnerability
indexes were selected after consulting and questionnaire survey
with experts such as experts of climate change and industry
sector, enterprise officers, local government, which controls the
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enterprises, Human Resources Development Service of Korea,
Korea Industrial Complex Corporation. The hazard assessment
indexes were selected through the literature review and by
collecting the actual damage data by the flood in the industrial
park and enterprise. The hazard and the vulnerability were
assessed with five grades by industrial park, and the risks of
industrial park where four enterprises are located in the
Mesoscale were assessed by illustrating the assessment results
in the risk matrix. The final assessment results were classified
into safe level (1st grade), normal level (2nd grade) and
dangerous level (3rd grade). The power plant was assessed as
normal level both for present and future. The manufacturer of
electronic component was assessed as safe level in the present
and the near future and was assessed as normal level in 2050s
showing that there will be increase of risk. The EPS
manufacturer was assessed as normal level both for present and
future, and the pulp and paper manufacturer was assessed as
normal level both for present and future.
In the microscale, the flood risks were listed up through the
literature review, damage case collection, and three potential
risks, which can occur in the enterprise, were selected. For the
risks selected, the probability and the consequence were
assessed with five grades using the data of in-depth interview
with enterprise officers, collected damage data, inundation trace
map of the subject area. Each assessed results were classified
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into safe level (1st grade), normal level (2nd grade) and
dangerous level (3rd grade) by illustrating them in the risk
matrix. For the power plant, Risk 1, Risk 2 and Risk 3 were
assessed as dangerous level, normal level and safe level,
respectively. For the manufacturer of electronic component, Risk
1 was assessed as safe level, and Risk 2 and Risk 3 were
assessed as normal level. In case of EPS manufacturer, Risk 1,
Risk 2 and Risk 3 were assessed as safe level, normal level
and dangerous level, respectively. And in case of pulp and
manufacturer, Risk 1 and Risk 3 were assessed as safe level
and Risk 2 was assessed as dangerous level. All these are the
results assessed based on the current status of facilities and
the management in the enterprise.
The comprehensive flood risks in the enterprise were
assessed by illustrating the assessment results in the microscale
and mesoscale in the risk matric again. Although in the
mesoscale, the climate change was considered, since in the
microscale, it is hard to reflect the changes in the enterprise by
the climate change and the investment in the facilities and
installations considering the climate change is not certain, it was
assessed based on the present. Therefore, in the mesoscale, the
present and the future were indicated and the present value in
the microscale was applied to each of them. Once the business
is established, it is assumed that there will be no change in
facilities except for partial repair and replacement; therefore,
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risk assessment results on the macroscale and microscale are
compared within one matrix. For the power plant, Risk 1, Risk
2 and Risk 3 were assessed as dangerous level, normal level
and safe level, respectively. For the manufacturer of electronic
component, Risk 1 was assessed as safe level, and although
Risk 2 and Risk 3 were currently assessed as safe level but
were assessed to be changed to normal level in the future. As
such, it was observed the change in the enterprise's flood risks
according to the future climate change when the enterprise
operates the facilities and installations considering the flood with
the same criteria as the present.
The data in this study were built by collecting them from the
more than two times of in-depth interview with the enterprise
officers, damage cases of the enterprise by the flood, damage
cases in the area where the enterprise is located, interview with
the local government related to the enterprise and various
administrative organizations. These data are easy to be used to
reduce the damage by determining the degree of flood risks
comprehensively, which can occur in the enterprise, In the
results of examining the preceding researches, since the
enterprise places the priority on the investment to increase the
production performance rather than to prepare against the
potential natural disaster by the future climate change, The
research to assess the industry and the climate change,
especially the relations between the enterprise and the climate
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change has not been sufficient. Therefore, it is expected that
the enterprise's flood risk assessment method considering the
multiscale would be used for risk management in the long-term
aspect of enterprise.
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Industrial parks, Industry, Mesoscale, Mircoscale, Multiscale risk
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1. Introduction
Climate change refers to the overall phenomenon of climate
being affected by factors such as energy, industry,
transportation, and land use associated with economic activity,
as well as by greenhouse gas emissions. The United Nations
(1992) defined it as the changes in climate that occur directly
and indirectly because of human activity, in addition to natural
climate variability. Among the phenomena caused by climate
change, flooding occurs most frequently all over the world, and
causes the greatest damage (Gaume et al., 2009; Komolafe et
al., 2015). In Europe, damage equivalent to 1 million was
incurred from 1986 to 2006 (CEA, 2007), and in New York and
New Jersey, USA, superstorm Sandy wreaked havoc and caused
$60 billion worth of damage in October 2012 (Aerts et al.,
2013). In Central Europe, flooding in the Elve and Danube
basins incurred damages of approximately 12 billion and
dozens of fatalities in June 2013 (Schroter et al., 2015; Munich
Re, 2013). Such damage tends to increase gradually (CEA,
2007).
A business is the main agent of industry (Kim, 2014). Not
only are the businesses that use raw materials sensitive to
climate, but also the governing industries are influenced by
climate because of factors such as government policies on
climate change (Lee and Kim, 2008). Since the industrial sector
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has a greater ability to adapt to climate change than other
sectors due to higher safety design standards, research has
been conducted on the response so far to the regulation of
damage mitigation by the government (Ministry of Knowledge
Economy, 2012). However, flood damage to businesses is
increasing as a result of, among other things, an increased
frequency and intensity of rainfall and changes in storm patterns
caused by climate change (Rizzi et al., 2016). In Korea, roads
and factories were flooded in Ulsan-Mipo Industrial Park and
Cheongwon-Noksan Park in 2009, in Bupyeong Park in 2010,
and in Gumi National Industrial Park in 2012. It is expected that
such damage will increase because of the aging infrastructure
and the increased rainfall accompanying climate change (Ryu et
al., 2016).
While businesses should consider diverse socioeconomic
factors and business types, as well as climate factors
(Einarsson and Rausand, 1998; Gasbarro and Pinkes, 2015),
they usually do not want to disclose internal information, thus
research related to flooding is limited. Previous research has
included: evaluations of flood vulnerability reflecting the spatial
characteristics of industrial parks and local governments (Ryu et
al., 2016); business vulnerability evaluation indexes based on
company type by selecting representative businesses within the
industrial park (Bae et al., 2013); evaluation of the vulnerability
to climate change based on the proportion in the industrial
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sector, on the local government scale (Kim et al., 2013);
research regarding water risks at the company scale as a result
of climate change (Park et al., 2015); and evaluation of urban
floods according to their spatial scale (Ballesteros-Canovas et
al., 2013), rather than considering individual businesses.
However, more comprehensive research is needed in order to
consider the regional scale of factors influencing processes
important for production activities and climate change. Since
climate change has clear regional effects, it should also be
considered whether the impacts would be important on the scale
of individual businesses. Domestic manufacturing companies are
established on individual sites and planned land. Individual sites
consist of land for industry development at the discretion of the
business, and planned land typically refers to industrial parks
(Park, 2010). Since manufacturing occupies 30% of the GDP,
and 60% of manufacturing businesses are located in industrial
parks, among which the national industrial parks occupy 60%,
approximately 10% of the GDP comes from manufacturing in
national industrial parks (Park, 2009). The industrial parks have
a high concentration of businesses, and they have the advantage
of sharing technical information and reducing raw material
transport expenses, among other things. However, if climate
change results in natural disasters, the ripple effects on the
region and the national economy could be severe. In addition,
since the impact of climate change on individual businesses
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differs according to the business type and the processes of
individual factories (Gasbaroo and Pinkse, 2015), a
comprehensive risk assessment of climate change should
consider specific characteristics of each business.
Climate change risks involve an increase in climate-related
hazards with time, and damage to people and property (Hay and
Mimura, 2010). Flood risk management has the purpose of
reducing the flood damage impact to people and property
(Kandilioti and Makroponlos, 2012). For risk management
strategies, method assessment and management according to
flood type and flood risk are needed (Ballesteros-Canovas et
al., 2013). The risks can be assessed at multiple scales by
selecting the assessment method according to the spatial scale
of the assessment subject (Hammond et al., 2015; de Moel et
al., 2015). Flood risk can be decreased by reducing either the
probability or magnitude of a flood (the hazard), or its
consequences (de Moel et al., 2015).
For company flood risk management, the purpose of this study
is to suggest and apply risk assessment models at the
mesoscale, which is the unit affected by climate. To do this, the
mesoscale risks of drought and flooding for all national industrial
parks are first assessed. Second, the risks to businesses at the
microscale are assessed, considering the characteristics of
individual companies. Third, a comprehensive assessment is
made of the climate change-induced flood risks to the business
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by applying the risk assessment results at the mesoscale and
microscale, as ranked in the risk matrix. The outcome of this
study is an assessment model that can respond to climate
change in a flexible manner by providing comprehensive,
spatially-relevant information that takes into account the
regional climate, geographical characteristics, infrastructure, and




2.1. Definitions of risk assessment
terminologies
Flood risk has been the focus of the most research in terms
of climate change because increased excessive rainfall from
climate change causes floods, which in turn causes damage to
life and property (Komolafe et al., 2015). In the past, to control
flooding, research has mainly focused on the impact and risk of
flood hazard (Bubeck et al., 2011). In addition, research has
been conducted to prevent damage by flood through flood
prevention measures such as levees and dikes (de Moel et al.,
2014). However, various countries, including some in Europe,
have recently introduced the concept of risk management
(Bubeck et al., 2011). Current research is trending more
towards assessing risk of flood events and their negative
consequences (UNISDR, 2009). This assessment method became
a foundation for disaster risk analysis, and flood risk refers to
the flood hazard and the vulnerability of the people exposed to
floods.
Risk is a concept used in diverse areas (Kim, 2015). Risk is
the loss expected from a specific danger in a specific area and
reference period (UNDHA, 1993), and can be caused by hazards
such as perturbation and stress caused by climate change.
- 7 -
Generally, it is defined as the probability of the occurrence of
an unexpected event that causes a disaster or negative results
(Smith, 1996; Brooks, 2003; Jones and Boer, 2003). This is a
new approach compared to the concept of climate vulnerability
assessment, which uses the concepts of climate exposure,
sensitivity, and adaptation capability according to the application
subject (Turner et al., 2003).
The priority is determined by assessing the possibility of the
occurrence of the event, and the potential influence on the
assessment subject when the event occurs, through risk
assessment. Risk assessment is composed of risk analysis,
which identifies the risk, the cause and possibility of the event
occurrence, an estimate of the degree of impact, and the risk
evaluation. It is necessary to select the risk by considering the
vulnerability of the subject to the risk (EMA, 2003; Engemann
and Henderson, 2012). The size of the risk is expressed as the
probability of event occurrence multiplied by the damage from
the occurrence (Brooks et al., 2005). Risks with high
occurrence probabilities tend to cause light damage, and risks
with low occurrence probabilities tend to cause great damage
(Yoon et al., 2012).
Risk assessment for climate change is the process that
specifies the risks, which can occur because of climate change,
in the socioeconomic aspect, and provides a specific foundation
for the factors that should be managed in establishing adaptation
- 8 -
policy, which can be very important in adapting to climate
change (Kim and Park, 2012). In the 5th report of the IPCC
(Intergovernmental Panel on Climate Change), the risk related to
climate depends on the interaction of climate-related hazard
elements with the exposure of humans and the natural world’s
vulnerability and adaptation level.
The assessment method is varied depending on the definition
of the risk. If the risk is defined as the degree that the man is
exposed to the hazard (Smith, 1996), it can be calculated by
multiplying the damage by its probability. In other research, the
risk was defined as the product of vulnerability and the hazard
(UNDHA, 1992), and in this case, it is calculated as the product
of vulnerability and the hazard. Here, the vulnerability refers to
the vulnerable area and vulnerable classes, and the hazard
refers to the risk itself by the climate change.
Accordingly, as a method to assess flood risk and its potential
impact on people, it is assessed using the comprehensive risk,
obtained by multiplying the hazard, vulnerability and sum of the
risk elements, which is useful for assessing the flood hazard at
any regional scale and in any community (Komolafe et al.,
2015).
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2.2. Risk assessment
Risk is the probability of a hazard event, with consideration of
the likely consequences of the hazard (Smith, 1996; Stenchion,
1997; Brooks, 2003; Brooks et al., 2005; Leitch, 2010; Merz et
al., 2013) (Equation 1). Risk assessment research on the
various flood risks and industry sectors applies this concept by
multiplying the value of the climate hazard by the value of the
vulnerability, as shown below (Equation 2) (Hay and Mimura,
2013; Foudi et al., 2015).
As an important part of disaster risk assessment (Birkmann
and Wisner, 2006), the vulnerability assessment identifies the
vulnerable factors, assesses the impacts, and evaluates the
potential risk by identifying the coping capacity and resilience
factor (Merz et al., 2013). Here, the vulnerability is a concept
different from the vulnerability assessment referred to by IPCC
(2007). Vulnerability, in the 1970s and 1980s, referred to
physical fragility (e.g., the possibility of building collapse
because of earthquake impact) (Brikmann, 2007). However,
recently, vulnerability is defined as the system or unique
characteristics that are damaged by the impact of hazard
(UN/ISDR, 2004; Merz et al., 2015). The irrecoverable state
caused by the negative impacts of hazardous events can be
considered as gihg vulnerability(Wisner, 2002). Hazard can be
expressed using probability and intensity, and vulnerability can
- 11 -
be expressed using susceptibility and the exposure (Tariq,
2013).
Risk is the probability of a hazard event, with consideration of
the likely consequences of the hazard (Smith, 1996; Stenchion,
1997; Brooks, 2003; Brooks et al., 2005; Leitch, 2010; Merz et
al., 2013) (Equation 1). Risk assessment research on the
various flood risks and industry sectors applies this concept by
multiplying the value of the climate hazard by the value of the
vulnerability, as shown below (Equation 2) (Hay and Mimura,
2013; Foudi et al., 2015). The vulnerability includes the
possibility of the risk and the adaptation ability at personal
and regional level (Khazai et al., 2013).
Risk = Probability × Consequence equeation1…………………
Risk = Hazard × Vulnerability equeation2………………………
Vulnerability = Sensitivity - Adaptation equeation3…………
When making an assessment according to the definition of
risk, different assessment methods are used depending on the
spatial extent and the field (de Moel et al., 2015). In the urban
level, there are the researches of analyzing or assessing the
vulnerable area through the modeling to assess the actual flood
risk in the mesoscale (Ghile et al., 2014). In the microscale,
there is the cases of assessing the risk from the area using the
depth-damage curve of that area, too (Arrighi et al., 2013;
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Lacerda et al., 2014). However, in the industrial area, to
consider the infrastructure of where the enterprises are located,
the individual enterprise unit is defined as microscale and the
scale of industrial park where the enterprises are located as
mesoscale.
2.3. Mesoscale risk assessment
2.3.1. Definition of mesoscale
According to the definition of risk, research on the
macroscopic aspect of risk assessment is undertaken using the
relationship between the hazard and the vulnerability. In the
macroscopic scale, the degree of risk can be determined roughly
using vulnerability assessment (UNDHA, 1992; Brooks, 2003).
In risk assessment, the mesoscale is defined as a region or unit
of business type within a country that receives the impact of
climate.
When a country is taken as an assessment unit, each country
has a different degree of vulnerability to climate change,
according to the characteristics of its climate zone. Brooks et al.
(2005) assessed the index-based vulnerability of the country
as a unit in order to assess the country vulnerability to climate.
Winsemius et al. (2013) estimated outflow by running a global
hydrological model using the temperature, rainfall, and potential
- 13 -
evapotranspiration for the entire globe. The flood risk was
assessed by aggregating the socioeconomic indicators in the
global inundation extent and depth.
Since geographical conditions can vary within a country, the
flood damage is also varied. Ghile et al. (2014) assessed the
risk to the infrastructure from climate to determine the size and
extent. In the risk assessment for , they focused on vulnerable
area assessment, and to identify the vulnerable area, the
socio-economic system in the basin was considered. Nhuan et
al. (2014) assessed the potentially vulnerability to hazards such
as sea level rise, storms, and floods in the coastal region of
Vietnam using geographical indicators. As such, the vulnerability
assessment is a good method to quickly assess risk at the
macro scale.
In countries within the same climate zone, the scale of
damage caused by flooding varies according to the
characteristics of the business type. Industries that consume
large resources experience the greatest impact of climate
change and extreme meteorological phenomena (Ford et al.,
2010). Gasbarro et al. (2014) asserted that droughts and floods
caused by extreme climate impact water use and facilities,
product demand and supply, and subsequently, factors such as
insurance. Therefore, when building infrastructure for industrial
activity, long-term climate conditions, including extreme
meteorological phenomena, should be considered (Hallegatte,
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2009). As such, to identify climate impact and risk to the
industry sector (Ramieri et al., 2011), and to establish
countermeasures, research at the regional or local scale is very
important (Rizzi et al., 2016).
T e rm in o lo g y D e f in it io n S o u rc e
M a c ro s c a le R is k a s s e s s m e n t a t n a t io n u n it 1 ) ,2 )
M e s o s c a le R is k a s s e s s m e n t a t re g io n a l u n it 3 ) ,4 ) ,5 )
N o te 1 )B ro o k s e t a l. (2 0 0 5 ) , 2 )W in s e m iu s e t a l. (2 0 1 3 ) , 3 )G h ile e t
a l. (2 0 1 4 ) , 4 )N h u a n e t a l. (2 0 1 4 ) , 5 )F o rd e t a l. (2 0 1 0 )
T a b le 2 . A r ra n g e m e n t o f r is k a s s e s s m e n t a n d a n a lo g o u s te rm s .
2.3.2. Mesoscale flood risk assessment
Flood risk assessment research at the mesoscale can be
classified into research for constructing flood hazard maps or
flood vulnerability/risk maps and research to assess risk for
areas vulnerable to floods. Additionally, there are various fields
of research using vulnerability assessments, to identify areas
that would sustain great damage during a flood (Bae and Lee,
2010). As an assessment method to support decision-making,
risk assessment is linked to the cost benefit analysis in risk
adaptation (Ballesteros-Canovas et al., 2013).
To reduce the damage caused by flooding, disaster maps or
inundation trace maps at the regional scale are provided at the
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national level. In England, the state provides risk maps for areas
that are potentially vulnerable floods developed using a flood
risk assessment tool (FHRC, 2011). The German insurance
industry provides flood hazard maps by classifying them into
five stages according to flood frequency (Kron, 2005). In Korea,
inundation trace maps and disaster maps from local governments
are compiled and used in decision-making involving measures
such as the government's infrastructure damage support.
To analyze the areas vulnerable to flooding, physical or
statistical models are used. Rizzi et al. (2016) assessed the sea
level rise and storm surge impacts on different types of coastal
systems (e.g., beaches, wetlands, hydrological systems) on the
Gulf Coast in Tunisia. According to the concept of risk, the
assessment was made by classifying the vulnerability and
hazards. For the vulnerability, a vulnerability matrix was
constructed using DEM, coastlines, and land use, and the hazard
was assessed by simulating the sea level rise caused by climate
change, and the hazard and the vulnerability were applied in a
risk matrix. Ballesteros-Canovas et al. (2013) used hydraulic
models (hydraulic, depth-damage functions, and flood loss
models) to respond to the flood damage in the research subject
areas in advance. As adaptation options, large dams, small dams,
tributary streams, and storm tanks were considered, as well as
a cost benefit analysis (CBA). Ghile et al. (2014) drew the
annual basin outflow in the subject region using the water
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resources system modeling for climate change risk assessment
in the Nile basin and performed a sensitivity analysis for the
elasticity of outflow according to the annual water flow and
temperature using past precipitation data. The results were
assessed by showing them in a matrix. Cho and Kim (2015)
performed a social vulnerability assessment on flood risk by
climate change for Incheon City, Korea, based on an
index-based statistical model.
As such, there are diverse studies related to floods at the
mesoscale, and in the macro or regional scale, there is research
that analyzes flood risk using physical or statistical model and
damage cost. However, they use methods to easily analyze
vulnerable areas considering regional characteristics rather than
risk assessment methods based on actual damage and impact.
2.3.3. Mesoscale risk assessment of industrial
sectors
At the mesoscale, there are many cases where the industry
sector is studied as a type of land use (de Moel et al., 2014).
The relationship between industrial business type and climate
change is assessed using questionnaire surveys or literature
reviews (Ford et al., 2010), or the indirect loss is assessed
considering the relationship between the region and the industry,
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comprehensively focusing on the vulnerability assessment
(Khazai et al., 2013).
Industry has been assessed to experience greater damage,
compared to other land uses, from climate change phenomena
such as floods. When the risks to the industry sector are
assessed at the mesoscale, the spatial extent is determined by
including some of the traffic areas that are closely associate
with the industry. De Model et al.(2015) assessed that in case
of the flooding for an event with a return period of 4,000 years,
the industrial area comprises only approximately 5% of the total
area, but the damage would be approximately 60% of the entire
damage amount.
Recently, in relation to the industry sector, there have been
more investigations of awareness of the enterprise and industry
officials using questionnaire survey methods. Ford et al. (2010)
conducted a survey of 42 enterprise officials on the impact of
climate change on the mining industry, which is a major industry
in Canada, after a conference. From the survey results, the
climate factor impact on the mining business and the major risks
were analyzed statistically. Gabarro et al. (2014) used the
questionnaire survey method to investigate the awareness of the
enterprises of the changes in water use caused by climate
change.
Khazai et al. (2013) perform an index-based vulnerability
assessment considering the socially vulnerable areas and the
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vulnerable business types simultaneously to assess the
socio-economic vulnerability to the hazard. Merz et al. (2015)
assessed the disaster risk to natural hazards for the industry
sector in Germany at the spatial level. They assessed it
according to hazard and the vulnerability by applying the
concept of risk to the interdependency of 16 industrial sectors.
Ryu et al. (2016) performed an index-based vulnerability
assessment for flooding in the eight industrial parks in Korea
using, considering the industry sector.
As such, studies on vulnerability and risk assessment
considering regional characteristics are undertaken to assess the
impacts of recent climate change on the industrial sector.
However, research assessing the flood risk in spatial units
where enterprises are concentrated, focusing on domestic and
overseas industry sectors, is not sufficient. Since, in Korea, the
policy that the state fosters industry by building and managing
the industrial parks has been implemented, flood risk
assessment in such spaces is very important and should include
consideration of future climate change.
2.4. Microscale risk assessment
2.4.1. Definition of microscale
The microscale is defined diversely depending on the field. In
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meteorology, “microscale” is defined temporally and spatially.
Temporally, the scale is from seconds to minutes, and
temporally, microscale defined as atmospheric movement of less
than 1 km. Choi et al. (2016) defined a station as a microscopic
unit to analyze the accessibility. Kwon et al(20120 identified the
impacts of climate and environmental variables on the habitat of
plants to specify microscale environments. De Moel et al.
(2015) suggested a multiscale flood risk assessment method and
asserted that the microscale can show the spatial resolution of
approximately 1 25 m spatially, and has the purpose of
suggesting optimized investment using assessment through actual
measurement and validation of methodology. In this study, to
assess the risk to the industry sector, the microscale is defined
as the smallest administrative district unit, local region, or
individual enterprise.
In spatial terms, there are studies that assess the risks in
local areas. Lacerda et al. (2014) assessed the vulnerability of
industrial plants on the coastline of Rio de Janeiro, Brazil, to
flooding, and suggested adaptation measures. They diagnosed
the vulnerability through analysis, assuming sea level rise
according to the climate change scenario, and suggested the
establishment of adaptation measures using simulation scenarios
for future climate change. Arrighi et al. (2013) and Tavares et
al. (2015) also assessed flood risks at the scale of a city or
several cities.
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Overall research related to business type can also be
classified as microscale if it assesses the individual enterprise
by relevant business type. Muller et al. (2015) used four
physical models to assess the automotive industry in terms of
water use, and water risk filter (WRF) can be assessed by the
small basin or individual enterprise unit. This study used
questionnaires on the physical, reputational, and regulatory risks,
composed of 30 questions. Rodrigues et al. (2015) collected
accident reports from the subsectors of wood and mattress
manufacturing in the furniture industry in Portugal and prepared
a risk matrix by collecting data on the enterprise risks using
the questionnaire survey method and by analyzing the days
when the industry was shut down, and the possibility of such
occurrences.
The microscale is defined diversely depending on the field. In
meteorology, “microscale” is defined temporally and spatially.
Temporally, the scale is from seconds to minutes, and
temporally, microscale defined as atmospheric movement of less
than 1 km. Choi et al. (2016) defined a station as a microscopic
unit to analyze the accessibility. . De Moel et al. (2015)
suggested a multiscale flood risk assessment method and
asserted that the microscale can show the spatial resolution of
approximately 1 25 m spatially, and has the purpose of
suggesting optimized investment using assessment through actual
measurement and validation of methodology. In this study, to
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assess the risk to the industry sector, the microscale is defined
as the smallest administrative district unit, local region, or
individual enterprise.
In spatial terms, there are studies that assess the risks in
local areas. Lacerda et al. (2014) assessed the vulnerability of
industrial plants on the coastline of Rio de Janeiro, Brazil, to
flooding, and suggested adaptation measures. They diagnosed
the vulnerability through analysis, assuming sea level rise
according to the climate change scenario, and suggested the
establishment of adaptation measures using simulation scenarios
for future climate change. Arrighi et al. (2013) and Tavares et
al. (2015) also assessed flood risks at the scale of a city or
several cities.
2.4.2. Microscale flood risk assessment
In Mircoscale, the flood risk is assessed with the flooding
area, depth and actual damage amount using the modeling for
the city and area. The value fluctuation of the local area and
the building by the flooding is considered, too.
Arrighi et al. (2013) used the hydraulic modeling for
Mircoscale flood risk estimation within the city. They calculated
the vertical value difference of the buildings within the city and
performed the flood depth mapping after preparing
stage-damage curves according to that and final risk
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assessment was made by assessing the economic loss after
assessing the damage probability. Tavares et al.(2015)
performed the vulnerability assessment for the coastline of
Portugal considering social factors. They initially drew 126
vulnerability assessment indexes from the 11 municipalities in
the coastline and classified them into 8 factors by performing
PCA analysis and classified the vulnerability into 5 levels by
aggregating them. Yan et al.(2016) performed the vulnerability
assessment for Shanghai, China using indexes considering the
sea level rise and the storm surges at the same time and to
assess the flooding possibility, MIKE21 model, which is the
physical hydrological model. They assessed the flood
vulnerability for the future climate change by aggregating those
two. Model et al.(2015) asserted that the flood risk should be
assessed in the multiscale, out of which the flood risk
assessment in micro (local) scale, the terrain elevation,
hydraulic structures, building location/type/use, etc. are
important. Hazard assessment uses the hydraulic modeling and
the rainfall-runoff model is used as the input data of hydraulic
modeling.
2.4.3. Mesoscale risk assessment for industrial
sectors
In the industry sector, the questionnaire survey method is
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used for enterprises at the microscale to assess the impacts of
climate change by business type, since processes vary greatly
by enterprise. Risk assessment methods are widely used by
insurance companies to calculate insurance premiums. In some
enterprises, to reduce the loss by the internal and external
factors, profit and loss analysis is performed after designing
adaptation options against the possible risks.
The risks can be classified into 13 types according to the
stakeholder and the possible risks (Lee and Lee, 2007). Among
them, crises caused by climate or natural causes are classified
as natural disaster (Coombs, 2000). The research related to
enterprise risk assessment can be classified into three
categories, as follows. First, there are cases where the
enterprise performs self-diagnosis to reduce risk from natural
disasters. Second, there is research to assess the risks to the
enterprise and industrial facilities of natech disasters (natural
disasters triggered by technological disaster) cause by climate,
such as severe cold and flooding. Third, there is research to
analyze data on damage caused by natural disasters based on
insurance calculations as performed by enterprises such as
reinsurance companies.
When an enterprise assesses risks in order to reduce
damage from natural disasters, they mainly use the
questionnaire survey method to reflect the environment and
characteristics of the enterprise. The railway safety system in
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England prevents accidents by identifying the critical event or
hazards to the infrastructure system and equipment introduced
by the Safety Bureau through risk assessment. In casual
analysis, the precursors of critical events are identified and
determined mainly according to component failure data or
estimation by experts (RSSB, 2011). In the resulting analysis,
the size of the loss caused by the critical event or hazard is
estimated (Lee and Jung, 2003). Additionally, climate risk
assessment in England uses diverse data based on UKCP09,
which is the climate change forecasting report (Kim, 2015). For
the risk assessment, qualitative assessments by experts and
stakeholders are used. Such qualitative assessments should be
consistent with and supplement the scientific rationality (DEFRA,
2012).
Natechs are disasters that occur in series in a complex
manner because of the synergistic combination of the impacts of
natural disasters with complex technological systems (Kim and
Jung, 2015). Natech risk assessments forecast the loss in the
enterprise caused by the domino effect and the possible damage
to adjacent residents using a scenario assuming the accident
(Salzano et al., 2013). Since many enterprises involve factors
such as chemical products, international organizations such as
the EC and OECD have published reports of industrial
infrastructure damage status and hazard management to reduce
natech risks (Arellano et al., 2004; Oh, 2014).
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The enterprises that spend the most time studying the
damage to enterprises and the possibility of natural disaster
occurrence are insurance companies. Particularly, reinsurance
companies have abundant data on the damage caused by natural
disasters (Kron, 2000; Munich Re, 2000). Such reinsurance
companies mainly analyze the damage to people (fatalities and
injuries) and the overall economic damage due to the disaster
because such data becomes the basis of insurance premium
calculations.
Enterprise risks have been studied for a long time but since
the rapidly changing rainfall rates and temperatures due to
recent climate change affects the production activity of
enterprises, research on risk assessment based on climate
change is increasing. If natech assessments simply assesses the
risk of accident caused by natural disasters, since the climate
change risk assessment can affect medium- and long-term
overall production factors such as processes, employees, and
logistic facilities, importance increasing. However, since the
characteristics and environment of enterprise processes vary
quantitatively by business type, research on climate change risk
assessment for individual enterprises in not sufficient.
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2.5. Summary
The increase of flood damage by the increase in frequency
and intensity of rainfall due to climate change is expected in the
industry sector. Enterprises perform production in the plant, but
the transportation of raw materials and products, water supply,
as well as commuting employees, are affected by climate.
Therefore, damage to the enterprise can be assessed precisely
by considering the processes of the individual enterprise and
the enterprise's locational conditions. The risk refers to the
possible hazard from climate change and its impact, and since
the appropriate assessment method can be determined based on
the actual damage according to the assessment subject, it is the
appropriate assessment method to analyze damage in the
industry sector caused by climate change.
At the mesoscale, there are studies that assess flood risk in
the subject area using physical models or the damage amount
by actual land use, or by simply identifying the high risk areas
by analyzing the area vulnerable to floods with index-based
assessment. At the mesoscale, since the industry sector is very
much affected by the diverse geographical, climate and social
conditions, there is research that assesses highly vulnerable
area based on indexes. Unlike urban areas, the damage caused
by actual floods in the industry sector are greatly varied
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according to the business type, facility scale, and management
of the individual enterprise, for which risk assessment research
at the mesoscale is limited to vulnerable area analysis or to
some business types.
At the microscale, risk assessment is performed for cities
using the actual flood damage cases and physical models. In the
industry sector, the risk of certain business types is identified
by investigating the business type factor that can be affected by
the flood, and the degree of damage, using questionnaire
surveys from multiple enterprises. However, such studies only
end up identifying the flood risks for that business type.
Therefore, for climate change flood risk analysis of the
enterprise, the main agent of actual production is needed.
However, since enterprises generally do not disclose internal
data, research on flood risk assessment for individual
enterprises are not sufficient because of data limitations.
This study is unique because it considers the mesoscale and
microscale to assess comprehensive flood risk of enterprises.
Although, at the mesoscale, there are various studies that have
assessed the risk of industrial areas as part of a city, they can
hardly reflect the characteristics of the industry sector. Since
risk assessment at the microscale comprises research on the
degree of impact on the business type rather than individual
enterprises, it is difficult to reflect the characteristics of
individual enterprises. Therefore, to assess flood risk of
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enterprises, this study suggests a comprehensive risk
assessment model considering the mesoscale and microscale.
The increase of flood damage by the increase in frequency
and intensity of rainfall due to climate change is expected in the
industry sector. Enterprises perform production in the plant, but
the transportation of raw materials and products, water supply,
as well as commuting employees, are affected by climate.
Therefore, damage to the enterprise can be assessed precisely
by considering the processes of the individual enterprise and
the enterprise's locational conditions. The risk refers to the
possible hazard from climate change and its impact, and since
the appropriate assessment method can be determined based on
the actual damage according to the assessment subject, it is the
appropriate assessment method to analyze damage in the
industry sector caused by climate change.
At the mesoscale, there are studies that assess flood risk in
the subject area using physical models or the damage amount
by actual land use, or by simply identifying the high risk areas
by analyzing the area vulnerable to floods with index-based
assessment. At the mesoscale, since the industry sector is very
much affected by the diverse geographical, climate and social
conditions, there is research that assesses highly vulnerable
area based on indexes. Unlike urban areas, the damage caused
by actual floods in the industry sector are greatly varied
according to the business type, facility scale, and management
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of the individual enterprise, for which risk assessment research
at the mesoscale is limited to vulnerable area analysis or to
some business types.
At the microscale, risk assessment is performed for cities
using the actual flood damage cases and physical models. In the
industry sector, the risk of certain business types is identified
by investigating the business type factor that can be affected by
the flood, and the degree of damage, using questionnaire
surveys from multiple enterprises. However, such studies only
end up identifying the flood risks for that business type.
Therefore, for climate change flood risk analysis of the
enterprise, the main agent of actual production is needed.
However, since enterprises generally do not disclose internal
data, research on flood risk assessment for individual
enterprises are not sufficient because of data limitations.
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3. Scope and method
3.1. Spatial scope
In the industry sector, the main agent of production is the
enterprise, which is located in individual lands or planned lands.
Planned lands are industrial parks, designated as national
industrial parks, general industrial parks, urban high-tech
industrial complexes, and agricultural industrial parks (Article
2-8, Title 1 of Industrial Sites and Development Act,
implemented on March 30, 2016 by the Ministry of Land,
Infrastructure and Transport). Since Korea emphasizes the
fostering of strategic industry within the industrialization policy,
aiming at rapid growth of the national economy since the 1960s
(Park, 2009), to encourage the growth of industry at the
national level, there has been very active management and
investment (Kim and Lee, 2012). Since industrial parks are
involved a high proportion of production (approximately 68.6%)
and export (approximately 80.7%), they are the driving force of
the national economy (Korea Industrial Complex enterprise,
2014).
Enterprises use not only plants, but also infrastructure such
as roads and ports for activity such as production and sales.
Enterprises are thus affected directly by plant flooding due to
climate change, but raw material supply, commuting, and product
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transport are affected by infrastructure flooding. Therefore, to
consider the characteristics of the region where the enterprises
and infrastructure are located, in this study, the scope was
limited to the enterprises located within industrial parks or
surrounding areas.
The research subjects are four enterprises located in national
industrial parks in Korea (Figure 1). In Korea, national industrial
parks have been built since 1960s and to encourage growth in
the industry sector at the national level, with active management
and investment (Park, 2009; Kim and Lee, 2012). The
proportion occupied by the industrial parks in national production
and export is approximately 68.6% and 80.7% respectively, thus
industrial parks are the driving force of national economic
growth (Korea Industrial Complex enterprise, 2014). Therefore,
in this study, the scope was limited to enterprises within the
national industrial park that the state manages via industrial
support facility. Four enterprises were selected, considering the
regional characteristics and the representative businesses in
Korea: the EPS(Expanded polystyrene) manufacturer located in
Asan National Industrial Park (hereafter, AS), the thermal power
plant in Gojeong National Industrial Park (hereafter GJ), the
electric product manufacturer in Gumi National Industrial Park
(hereafter GN), and the pulp and paper manufacturer in Onsan
National Industrial Park (hereafter OS).
AS is the industrial park where businesses related to
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machines and automobiles are concentrated, and was built to
accommodate the demand for industrial land by enterprises that
have transferred from the capital region. Some of it was
constructed on land reclaimed from the sea, and the total area
is 17.76 . Of the total 245 enterprises, manufacturing㎢
businesses related to machines and the petro-chemical industry
comprise 118 enterprises (approximately 48%). GJ is the
largest power generation park in Korea, built to provide a stable
power supply, with a total area of , and 42 enterprises㎡
related to thermal power plants, which manages the 8 power
generators located there. GM is an industrial park built to
intensively foster the electronic industry, and is composed of
two parks. Park #1 contain the electronics, semiconductor and
textile businesses. The total area of the park is 24.6 , and it㎢
is located in relatively flat area. Out of approximately 1,923
enterprises, 635 (approximately 33%) are related to electric and
electronic businesses, and involve 45.6billion won in production.
OS became a heavy chemical industrial park with global
competitiveness by attracting the non-ferrous industry, refining
and oil storage, and chemical and paper industries, with the
policy of fostering them. Although it is surrounded by mountains
on three sides, since one side faces the sea, facilitating the use
of the port, it is an area preferred by heavy chemical
enterprises. The area is 19.765 and out of 290 enterprises,㎢
77% are related to transport equipment and petro-chemical and
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machinery, achieving 45.3 billion won of production.
To consider the geographical and climatic characteristics of an
enterprise, risk assessment was performed on the size of the
industrial park where the enterprise is located, and the
enterprise risk was assessed for individual enterprises,
considering the processes and overall industrial factors.
The target year was set 30 year in the lifespan of facilities
and the repair period considered by the enterprise (based on
the 2015 power plant facility status at Korea Midland Power
Co., Ltd). For the climate scenario, RCP 4.5 and 8.5, provided
by Korea Meteorological Administration, were used.
F ig u re 1 . S tu d y a re a . G re y c irc le s in d ic a te lo c a t io n s o f e n te rp r is e s
s u b je c t to r is k a s s e s s m e n t.
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3.2. Content scope
This research is limited to floods, which is the climate
phenomenon that most clearly causes damage to enterprises
(Lee, 2008; Acclimatise, 2009; Choi et al., 2009; Leiter et al.,
2009; Cruz and Krausmann, 2013). The content of this research
is divided into the development of a multiscale flood risk
assessment model for enterprises, and the application of the
model. The purpose is to reduce the damage to an enterprise
by flooding, considering the microscale risk and the risks in the
area where the enterprise and infrastructure is located, and to
comprehensively assess the direct impacts of the flood on the
enterprise.
The industrial park is the space where individual enterprises
and their production spaces are located in a group. All the
industrial water, raw materials, product transportation, and
production energy that the enterprise uses are supplied through
the infrastructure, which is managed by the industrial park.
Therefore, if the infrastructure is flooded, production activity in
the enterprise may be directly affected. To reduce flood damage
to the enterprise, mesoscale flood risk assessment was
performed for the industrial parks.
In Korea, if damage occurs to an enterprise from a flood, the
affected enterprise should report to the local government and
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receive part of the recovery cost. However, the degree of
damage and the amount of compensation are not managed by
the industrial park. In addition, aside from flooding damage to
the facilities, losses from delayed production activity, such as
commuting delay experienced employees, are difficult to
estimate. Therefore, for mesoscale flood risk, an existing
vulnerability assessment method using the concepts of hazard
and vulnerability was used.
An enterprise’s ability to adapt to floods and the degree of
facility and safety management varied depending on the size and
business type of the enterprise, and the values of the enterprise
owner. Therefore, since collecting objective data on the size and
degree of flood damage by the enterprise is difficult, and the
number of samples is small, risk assessment using the
possibility of flood risk and the concepts of consequence was
performed using in-depth interviews with officials.
In this study, flood risk assessment of enterprises was divided
into three stages. First, the mesoscale flood risk was assessed
considering the characteristics of the area and infrastructure.
Second, the microscale risk was assessed considering the
environment and the characteristics of the enterprise. Third, the
comprehensive risks were assessment by showing the
mesoscale and microscale risk assessment results as a matrix.
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F ig u re 2 . S tru c tu re o f in te g ra te d f lo o d r is k a s s e s s m e n t fra m e w o rk fo r
e n te rp r is e s
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3.3. Method
In enterprises, damage to production activity occurs by the
direct and indirect impacts of increased rainfall due to climate
change. In this study, to assess the flood risks in the regional
environment and the infrastructure, which have indirect impacts
on production activity, the mesoscale flood risk comprises the
industrial park as the spatial range. To assess the flood risk
direct impacting factories, the microscale risk was assessed for
individual enterprises. Finally, multiscale risks were assessed by
aggregating them in a risk matrix.
3.3.1. Mesoscale flood risk assessment
1) Selection of mesoscale extent
Enterprises are established on individual lands or planned
lands. The industrial parks are planned lands, which are divided
and developed based on a comprehensive plan for the purpose
of business activity, and provide the land, factory, auxiliary
facilities, and various services to enterprises on that land (Yoo,
1998). Generally, since industrial parks are formed around large
enterprises and various subcontractors, such concentration of
production functions specializes in production elements among
the same business types, produces diverse external effects
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enabling the fostering and supply of professional manpower, and
has contributed to the national competitiveness (Cho, 2005).
The supply of electricity and industrial water is generally
managed as a unit of the industrial park. Therefore, to assess
flood impact on an enterprise, considering the infrastructure
used by the enterprise and the geographical environmental
factors, the mesoscale risk was assessed for the industrial park.
Figure 3 shows the status of the industrial park where the
subject enterprises are located.
A . B o u n d a ry o f G J B . B o u n d a ry o f G N
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2) Selection of risk assessment method
At the mesoscale, the flood risk in the industrial park
reflecting the characteristics of the regional environment and
infrastructure is assessed. In this study, the risk assessment
method using the concept of hazard and vulnerability was
selected. Since this concept can reflect the characteristics of
the regional environment in the macroscopic view, it is mainly
used at the mesoscale. The hazard was defined as precipitation,
which is the cause of flood damage, and the vulnerability was
defined as the degree to which infrastructure and geographical
C . B o u n d a ry o f A S D . B o u n d a ry o f U S
F ig u re 3 . Status o f industria l park . Red lines ind icate boundaries of
industria l parks. B lack hatched areas ind icate boundaries of flooded areas.
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characteristics within the industrial park are vulnerable to the
flood.
Since the mesoscale flood risk assessment of the enterprise
should consider diverse physical and social variables, flood risk
was assessed using a risk matrix by building the index based
on the hazard and vulnerability.
F ig u re 4 . Mesosca le flood risk assessm ent system .
3) Selection of indexes
To assess the mesoscale flood risk for the industrial park,
indexes that fit the assessment subject were selected. The
indexes were drawn from literature reviews, expert in-depth
interviews (e.g., with the Korean Industrial Complex enterprise,
Human Resources Development Service of Korea, local
governments, local disaster and safety at local agencies, experts
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in climate change, enterprise officials), statistical analysis of
industrial parks, and enterprise damage data based on
precipitation.
From reviews of the existing literature, the number of days
with precipitation of more than 80 mm was used as the climate
exposure variable in focusing on the flood risk of a city (Bae
and Lee, 2010; Son et al., 2011; Kang and Lee, 2012; Shin and
Lee, 2014; Ryu et al., 2016). However, since the industry
sector was built under a higher safety design standard (Ministry
of Knowledge Economy, 2012), it was judged that the
precipitation criteria for industrial parks, are different from
those of general cities. Therefore, a non-parametric correlation
analysis (Spearman method) was performed using actual flooding
damage data from the industrial parks and enterprises. The
results indicate that days when the daily precipitation was more
than 100 mm had strong correlation with the damage amount
(correlation coefficient was significant at 0.05 and p-value=
0.697), which can be interpreted as the actual damage amount
being increased when the precipitation is greater than 100 mm.
Therefore, the number of days when the daily precipitation is
greater than 100 mm was selected as the index to assess
hazard. Beside of high rainfall intensity, to consider the damage by
the rainfall event that the rainfall occurs consecutively, "Number of
rainy days more than 5 consecutive days" was used as a variable,
too, which is because for the characteristics of soil, when a small
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amount of rain may fall continuously. The flooding probability is
increased as the soil's absorption capability is lowered increasing
the outflow. While in the flood risk assessment, both the high
intensive rainfall and the consecutive period precipitation possibility
are considered by expressing the precipitation possibility with
probability. Since in this study, the index-based assessment
method was used, beside of rainfall intensity, the concept of
duration was used as index to complement the concept of duration.
To determine an index to assess vulnerability, a
vulnerability assessment list was first compiled through
literature reviews and consultations with experts in 2013. If
an index did not match the assessment of the industrial
park's infrastructure or regional characteristics, or its data
was difficult to compile, it was excluded. The variables
drawn were first examined by three climate change experts
and officials of the Korea Industrial Complex enterprise, and
then by the officer in charge of natural disasters in the
Korea Industrial Complex enterprise, city hall, and district
office from September to October, 2013.
To assess an industrial park’s vulnerable to flooding, the
vulnerability was assessed in a manner such that the
adaptation ability is excluded from the degree susceptibility
to flooding. To eliminate the collinearity, a correlation
analysis was performed on the variables selected for the
assessment index using SPSS18.
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In the susceptibility assessment, climate change was not
considered in the case of aged buildings, since the flood
control capacity (e.g., the size of sewage pipes) is small,
and aged pipes have a high rate of leakage, so rainwater
treatment is not efficient when flooding occurs (Chu et al.,
2010; Goh, 2011, Bae et al., 2013). Therefore, composition
time of industrial parks was used as assessment index. Since
the possibility of secondary damage (e.g., from landslides) is
high during severe rainstorms if the area is close to a
forest, industrial park areas within 100 m of a forest was
used as an assessment index (Kim et al., 2013 corrected
index). It was judged that the closer an industrial park is to
a river and coastline, the greater the damage it would incur
when the river is flooded (Bae et al., 2013). Since the
preliminary disaster impact review, which contains vital data
to be submitted, is exempted for factories built reclaimed
land soft ground, it was judged that the possibility of flood
damage due to climate change can be great (Bae et al.,
2013). Average inclination and soil texture in adjacent
forests (Kim et al., 2013) was used as the index
representing drainage capacity when a severe rainstorm
occurs. Since poor strata are likely to reside in areas
vulnerable to climate change, and the socially neglected
groups are likely to be excluded from participation in
adaptation policies or adaptation support, identification of
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vulnerable groups is vital (Shin and Lee, 2014). In this
study, the vulnerable groups were considered to be the large
energy consumption businesses, and the number of
vulnerable business types within the industrial park was used
as the assessment index.
If facilities to supply emergency power exist for when power
leaks or is failures are caused by severe rainstorms or
typhoons, adaptation ability was judged to be high (Bae et al.,
2013). If the number of medical institutions (Chu et al., 2010;
Goh, 2011) and the number of stations (Kim and Kim, 2012)
are great, it was judged that more rapid responses are possible.
It was judged that if the proportion of green zones is higher,
the discharge of water is smooth, as the permeable area is wide
(Bae et al., 2013; Kim et al., 2013). It was judged that the
higher the production performance of an industrial park, the
easier it is to invest in damage recovery cost after flooding and
sever rainstorms in the industrial park (Linnenluecke et al.,
2011). Since the state is building a detention area and retarding
basin, which are flood control facilities, and regulates the
building of flood control facilities within industrial park recently
under construction (Kim et al., 2013), the availability of flood
control facilities was selected as an assessment index in this
study, as it is considered to be important.
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F ig u re 5 . R is k a s s e s s m e n t in d ic a to rs (m o d if ie d fro m R y u e t a l. , 2 0 1 6 )
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Indicators constructed using spatial data and social data of
industrial parks. Spatial data are made by figure 6 the same
way. Industrial parks data were made from the national maps by
masking. Social data include only one value of many research
categories at each industrial parks.
F ig u re 6 . In d u s tr ia l p a rk s m u s t h a v e a s p e c if ic v a lu e b y z o n a l s ta t is t ic s
m e th o d o f m a p s
4) Mesoscale risk assessment
To assess the risk in the mesoscale, the indexes corresponded to
sensitivity and adaptation to assess the hazard and the vulnerability
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were selected. And then, The values of hazard and vulnerability by
industrial park were drawn finally through the standardization
process after building the data by index.
In this study, the vulnerability was calculated with the value
subtracted the sensitivity from the adaptation ability. Therefore, to
calculate the hazard, sensitivity and adaptation ability, each detailed
variables were summed after standardization and passed through
the standardization process again and the process is shown in
Figure 7.
For the method to assess the sensitivity by each industrial park,
the raw data by index are built (S1, S2...), and to calculate the
value having different unit, each of them is standardized. The
standardized value is referred to as S1', S2'.... The sum of
standardized sensitivity indexes is referred to as Ss. And then, to
calculate with the hazard and adaptation ability having different unit,
Ss is standardized again, which is referred to as Ss'. The method
to assess the sensitivity and the method to build the hazard data
and the adaptation ability are same.
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F igu re 7 . M e thod to bu ild and assess the sens itiv ity da ta to assess vu lne rab ility .
T he m ethod to d raw the adap ta tion ab ility and hazard da ta is sam e.
To compile the data after selecting the variables, and to
define variables as an index from data with different units and
characteristics, normalization is vital (Chen et al., 2012; Khazai
et al., 2013). Assuming that the original value of index I is i, xmax
and xmin are the maximum and minimum value, respectively of
index I (Equation 4). If the upper level index is normalized to 0-1
again after normalizing the values of each individual index, all the
values are normalized to 0-1 (Khazai et al., 2013).




To assess vulnerability, the indexes for sensitivity and
adaptation ability are used. After normalizing each substitution
index, the sensitivity and the adaptation ability are normalized
again after adding them to the substitution indexes. The value
of vulnerability is drawn by deducting the adaptation ability from
the sensitivity using this value.
To draw the value of a hazard, the climate scenario data
provided by the Korea Meteorological Administration is used. In
this study, daily precipitation was used for data consistency out
of the RCP scenarios provided by the Korea Meteorological
Administration. To generate data for the same period, data from
RCP 4.5 and 8.5, which cover the same period, were used. To
generate data for climate change in the 2030s and 2050s, which
are the established target years, considering the life span and
repair period of the facilities, the mean value of the data from
2025 to 2034 and the mean value of data from 2045 to 2054
were extracted.
The purpose of risk assessment is to analyze the degree of
hazard impacts on the surface and the vulnerability at the
relevant points (Nam et al., 2015), and the hazard and
vulnerability are shown with a matrix (Zelenakova et al., 2015).
To construct the matrix, a process to rate the hazard and
vulnerability is needed. Since the rating process normalizes the
indexes, to which the individual substitution variables are added
after normalizing again, the data can be divided into equal
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intervals (Kim et al., 2013; Hamdani et al., 2014; Kaliraj et al.,
2015; Bing et al., 2016; Chuanglin et al., 2016). In this study,
the area, which can be affected by hazard, and the vulnerable
areas were divided into five grades, and the area with the
lowest hazard impact (least vulnerable) was classified as 1st
grade.
To draw the value of a hazard, the climate scenario data
provided by the Korea Meteorological Administration is used. In
this study, daily precipitation was used for data consistency out
of the RCP scenarios provided by the Korea Meteorological
Administration. To generate data for the same period, data from
RCP 4.5 and 8.5, which cover the same period, were used. To
generate data for climate change in the 2030s and 2050s, which
are the established target years, considering the life span and
repair period of the facilities, the mean value of the data from
2025 to 2034 and the mean value of data from 2045 to 2054
were extracted.
The purpose of risk assessment is to analyze the degree of
hazard impacts on the surface and the vulnerability at the
relevant points (Nam et al., 2015), and the hazard and
vulnerability are shown with a matrix (Zelenakova et al., 2015).
To construct the matrix, a process to rate the hazard and
vulnerability is needed. Since the rating process normalizes the
indexes, to which the individual substitution variables are added
after normalizing again, the data can be divided into equal
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intervals (Kim et al., 2013; Hamdani et al., 2014; Kaliraj et al.,
2015; Bing et al., 2016; Chuanglin et al., 2016). In this study,
the area, which can be affected by hazard, and the vulnerable
areas were divided into five grades, and the area with the
lowest hazard impact (least vulnerable) was classified as 1st
grade.
3.3.2. Microscale flood risk assessment
1) Selection of microscale extent
In this study, the flood risk in individual enterprises is
examined comprehensively through multiscale risk assessment of
the enterprise. If the characteristics of the enterprise region are
mesoscale, microscale assessments considering the
characteristics of the enterprise will be made from the
enterprise. Four industrial parks from different grades were
selected in the mesoscale risk assessment, and the flood risk
was assessed for a representative enterprise from each park
(Table 3).
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e n te rp r is e s L o c a t io n
E le c tr ic p o w e r s ta t io n G o -J u n g in d u s tr ia l p a rk s (G J )
E P S m a n u fa c tu re A -s a n in d u s tr ia l p a rk s (A S )
E le c tro n ic c o m p o n e n ts m a n u fa c tu re G u m i in d u s tr ia l p a rk s (G N )
P a p e r & p u lp m a n u fa c tu re O n s a n in d u s tr ia l p a rk s (O S )
T a b le . 3 E n te rp r is e s a n d th e ir lo c a t io n s
The power plant in GN is the largest domestic power plant,
and generates power from thermal and steam energy. It is
composed of steam power plants (power plants 1 and 2) and a
combined-cycle power plant using LNG as fuel, and recently,
the Shinboryeong Thermal Power Plant (power plants 7 and 8),
which is under construction. A steam power plant generates
electricity by converting steam obtained by heating water with
bituminous coal into mechanical energy. A combined-cycle
power plant generates electricity through gas turbines using
heat from exhaust gas first, and then generates power by
operating steam turbines with the steam generated by the heat
of exhaust gas, achieving power generation efficiency that is
approximately 10% higher than thermal power generation. This
type of power plant contributes greatly to stabilization of the
power supply system because it contaminates the environment
little, and has short a down time, as it uses LNG as fuel, but
since the prices of raw materials and bituminous coal are very
expensive, it generates low electricity during the winter.
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Furthermore, the power plant produces steam with high
temperature in the power generation process, requiring large
amounts of cooling water to lower the temperature, and is thus
vulnerable to drought. Additionally, it has higher risk of flooding.
Since multiple instances of flooding damage have occurred in the
surrounding areas as well as problems with the bituminous coal





























P o w e r p la n t c a p a c it ie s in G J
F ig u re 8 . L o c a tio n o f a P o w e r p la n t in G J
The EPS manufacturer in AN produces packing materials that
reduce shock when packing products, such as thermal insulation
materials and sound insulation materials, using expandable
polystyrene and expandable polypropylene. The process to
produce buffer materials (EPS, EPP), thermal insulation
materials (EPS), and sound insulation materials (EPS) are
separate, going through phases such as foaming, ageing, forming,
drying, and cutting of raw materials. In some processes,
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constant temperature and humidity must be maintained, and the
finished products are stored in the open air, under shade.
Therefore, since the value of the product can be reduced or
swept away by strong winds or floods, it was selected as
enterprise subject to flood risk assessment.
The electronic component manufacturer located in GN
produces packaging substrate and camera modules. Since
temperature and humidity control is important for electronic
products, it uses clean rooms where constant temperature and
humidity can be maintained. Although no direct flood damage
has occurred to the overall processes, since flooding damage
occurred in some areas in the industrial park where the
enterprise is located in 2007 and 2012, it needs to prepare for
disaster by the flood. In addition, since the subject enterprise
E P S B u ffe r m a te r ia ls P ro c e s s
S to c k ra w m a te r ia l-> F o rm in g ->
M a tu re -> M o ld in g -> d ry -> p a c k in g -> s to re
p ro d u c t/s to ra g e -> O u tg o in g in s p e c tio n
F ig u re 9 . L o c a tio n o f a n E P S m a n u fa c tu re r in O S
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operates processes where temperature and humidity must be
maintained constantly, flood risk assessment is needed for
efficient production.
F ig u re 1 0 . L o c a tio n o f m a n u fa c tu re r o f e le c tro n ic c o m p o n e n ts in G N
Pulp manufacturing in OS can be divided into the pulp process,
in which wood chips are turned into pulp, and the paper making
process, which makes paper by transferring pulp from the prior
phase to the paper machine. Since it uses a large amount of
industrial water in the stage of separating lignin and cellulose
from the wood chips, it is highly vulnerable to drought. The
pulp and paper manufacturer is also vulnerable to flooding. Since
the raw materials and products are susceptible to humidity and
are stored in the open air, it was selected as an assessment
subject, as great damage can be incurred when flooding occurs.
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2) Selection of risk assessment method
Risk is assessed using the concept of probability and
consequence (Ortwin Renn, 1998) or hazard and vulnerability. In
this study, to assess the mesoscale risk, the concept of
probability and consequence was used. This concept can assess
direct risk of flooding by considering the local environment and
characteristics of the environment or region in the microscopic
view. The probability was defined as the probability that a flood
can occur in the enterprise, and the consequence was defined
as the size and impact of the damage caused by the flood.
The probability of the risk is determined based on the
accumulated data and experience, and the risk is assessed by
aggregating the degree of impact after predicting it (Kang et al.,
F ig u re 1 1 . L o c a tio n o f a P u lp a n d p a p e r m a n u fa c tu re in O S
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2010). Since the accuracy of the risk assessment is degraded
when the data and the experience from the past to determine
the probability and the intensity of the impact are insufficient,
expert questionnaires or the in-depth interviews are used.
Research using expert opinions play the role of objective data in
the actual problem and the impact occurred in the project. Park
et al. (2015) assessed the industrial water supply risk according
to the size of enterprise, with climate change, through a
questionnaire survey. As such, when the objective and
quantitative data are not sufficient, or when it is difficult to
apply one methodology, risk assessment using expert in-depth
interviews has been performed (Bing et al., 1999; Wang et al.,
2000; Kartam et al., 2001).
Particularly, since in the industry sector, processes vary by
enterprise, even in the same business, it is difficult to make a
uniform assessment. Therefore, it is necessary to identify the
situation of individual enterprises through in-depth interviews or
questionnaire surveys with enterprise officers and experts, and
to analyze and assess the actual risk of the enterprise.
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F ig u re 1 2 . M ic ro s c a le r is k a s s e s s m e n t m e th o d
3) Risk analysis
To assess the risk, reports on the impact of climate change,
on which the risk list was based, were examined. The risk list
used in this study was prepared and examined by referring to
the risk list in the industry sector from the risk assessment of
climate change in England (DEFRA, 2012), and by reviewing
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domestic and overseas reports related to climate change, such
as the First National Climate Change Adaptation Measure
(collaboration of related agencies, 2010), Korea Climate Change
Assessment Report (National Institute of Environmental
Research at Ministry of Environment, 2010), and Climate
Change Vulnerability Map by Sector (National Institute of
Environmental Research at Ministry of Environment, 2012), and
by performing field surveys (six enterprises in the three
businesses of electric and electronic, automotive and steel
industries, and the local governments, were visited from
September to October, 2013).
To ensure that the risks fit the characteristics of each
enterprise, a in-depth interview was conducted vial e-mail and
meeting, involving the officers of the safety management
departments of the pulp and paper manufacturer, EPS
manufacturer, electronic component manufacturer, and power
plant. This method makes the enterprise prepare a risk list, and
was performed as a preliminary survey to establish the risk list
prior to the risk assessment. All the risk factors can be
collected through interviews with expert groups (Cha and Shin,
2006) and initially, approximately 20 flood risks were drawn
(Table 4). When drawing the risk list, factors such employees,
traffic and transportation facilities, processes, locations, and
markets were considered.
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C a te g o r ie s F lo o d r is k s lis t
T ra n s p o r ta t io
n &
L o g is t ic s
R o a d f lo o d in g a n d c o lla p s e
C o lla p s e o f ro a d s lo p e a n d s o il e ro s io n
T ra n s p o r ta t io n v e h ic le f lo o d in g a n d d a m a g e b y th e
ty p h o o n a n d ra in s to rm
R a w m a te r ia ls a re s w e p t a w a y a n d d a m a g e d d u r in g
th e s e v e re ra in s to rm
R o a d c o n g e s t io n
D a m a g e to th e p ro d u c t tra n s p o r ta t io n fa c i lit ie s
P ro b a b ility o f tra f f ic a c c id e n t ( ro a d a n d ra ilro a d ) is
in c re a s e d g re a t ly b y th e f lo o d in g d a m a g e
P ro d u c t io n
F lo o d in g a n d c o lla p s e o f p ro d u c t io n fa c il it ie s b y th e
ty p h o o n
V a r io u s to o ls , m a te r ia ls a n d la rg e e q u ip m e n t d a m a g e
a n d tu rn o v e r c o n c e rn s
In c re a s e d p o s s ib i lity o f b u ild in g c o lla p s e b y th e s tro n g
w in d , s e v e re ra in s to rm . e tc .
In te rru p t io n o f p o w e r s u p p ly b y th e p o w e r p la n t a n d
s u b s ta t io n d a m a g e (p a ra ly s is o f th e p ro d u c t io n s y s te m )
In c re a s e d r is k o f d a m a g e to s tre e t fu rn itu re
D a m a g e to th e w a te r tre a tm e n t p la n t
R u n o ff o f c o n ta m in a te d w a te r b y th e f lo o d
W h e n th e o u td o o r te m p e ra tu re is d ro p p e d b y th e
s e v e re ra in s to rm fo r e x te n d e d p e r io d o f t im e ,
a d d it io n a l e n e rg y c o n s u m p tio n is in c re a s e d to m a in ta in
th e te m p e ra tu re
Q u a li ty o f ra w m a te r ia ls a n d f in is h e d p ro d u c ts is
d e g ra d e d b y th e in c re a s e o f h u m id ity
In c re a s e o f p o s s ib il ity o f m ix e d d is c h a rg e o f w a s te
d u e to f lo o d in g
D a m a g e a n d c o lla p s e o f w a s te tre a tm e n t fa c i lit ie s b y
th e ty p h o o n a n d f lo o d
W o rk e rs
In c re a s e o f w o rk e r m o rta l ity b y th e fa c ili ty c o lla p s e a n d
d e a th fro m e le c tr ic s h o c k , e tc .
G re a t in c re a s e o f in ju ry b y th u n d e rs tro k e , e tc
P o s s ib il ity o f m e n ta l d is o rd e r in th e w o rk e r(s tre s s , e tc
a fte r tra u m a )
T a b le 4 . F irs t r is k lis t f ro m lite ra tu re re v ie w s , f ie ld s u rv e y s a n d p re te s ts
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4) Risk assessment
In the field survey, the final risks were drawn through
in-depth interviews with the officials of enterprises (a total
four visits to the three enterprises of pulp and paper, power
generation, and EPS manufacturing from October to December of
2015) to reflect the risk list according to the characteristics of
the enterprise's business type (Table 5).
The purpose of assessing risks is to determine the
management priority of the risk factor, and they were assessed
by multiplying the probability by the consequence, which is a
simple technique to apply it to the field. The criteria to assess
the probability and impact of the risks were drawn by examining
C a te g o r ie s F lo o d r is k s lis t
U n a b le to p e r fo rm o u td o o r ta s k s
L o c a t io n
In c re a s e o f p ro b a b ili ty o f f lo o d d a m a g e w h e n th e f lo o d
is o v e r la p p e d w ith s e a le v e l o f h ig h t id e
G re a t ly in c re a s e d th e d a m a g e d u e to a g e d d ra in a g e o f
in n e r b a s in
P ro b a b ility o f f lo o d in g in s id e o f w o rk p la c e a n d a d ja c e n t
c o a s t l in e
F in a n c e
In c re a s e o f th e h u m a n a n d p ro p e r ty in s u ra n c e p re m iu m
fo r th e f lo o d
In c re a s e o f re c o v e ry c o s t o f d a m a g e d fa c i lity
A d d it io n a l tra n s p o r ta t io n e x p e n s e s b y th e p ro b le m
s u p p ly d u e to in fra s tru c tu re s
In d e m n ity c la im b y th e n o n -d e liv e ry
M a rk e t
G re a t ly in c re a s e d th e p o s s ib i lity o f o c c u r th e d a m a g e
to o th e r e n te rp r is e s re la te d to th e p ro d u c t p ro d u c t io n
D e g ra d e th e p ro d u c t q u a lity
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preceding domestic and overseas studies and flood damage
cases in the enterprise. The criteria were classified as shown in
Table 5 and Table 6 (UKCP09).
S c o re R is k p ro b a b il ity P ro b a b ili tyo f U K C P 0 9
IP C C /
U K C IP
C o n s id e r in g
c lim a te c h a n g e
5
(V H )
O c c u r
p e r i o d i c a l l y .
O c c u r e v e ry
y e a r . O c c u r
fre q u e n t ly
L e s s th a n
9 0 % /Y e a r
P r o b a b i l i t y
to o c c u r
w ith in a
y e a r is
v e ry h ig h
T h e re e x is ts
a c tu a l d a m a g e
(v a r io u s c a s e s
w ith in 5 y e a rs )
D a m a g e a n d
re c o v e ry c o s t
a re in c u rre d
4 (H )
T h e re is re co rd
th a t is h a s
o ccu rre d m o re
th a n o n ce a n d
th e re cu rre n ce
p ro b a b ility is h ig h .
O ccu r a ve ra g e ly
e ve ry 2 ~ 3
ye a rs
L e s s th a n
6 6 % /Y e a r
D o n o t
o c c u r
e v e ry y e a r
T h e re e x is ts
a c t u a l
d a m a g e ( v a r io u s
c a s e s w ith in 1 0
y e a rs )
N o d a m a g e
a n d re c o v e ry
c o s t h a v e b e e n
re c o rd e d
3 (M )
F re q u e n c y is lo w
o r th e re is a
re c o rd o f
o c c u r r e n c e
a lth o u g h it is
lim ite d lo c a lly
a n d re c u rre n c e
is p o s s ib le
O c c u rre d a t
le a s t o n c e
d u r in g p a s t 1 0
y e a rs
L e s s th a n
3 3 % /Y e a r
P r o b a b i l i t y
to o c c u r
is lo w
w ith in a
y e a r
D a m a g e in th e
p a s t w a s
re c o rd e d
C o n s i d e r i n g
g e o g r a p h i c a l
lo c a t io n a n d
e n v iro n m e n t, it
is ju d g e d th a t
th e p ro b a b ili ty
is s u ff ic ie n t
2 (L )
I t is p o s s ib le to
o c c u r a lth o u g h
re c e n t ly it h a s
n o t o c c u rre d . I t
L e s s th a n
1 0 % /Y e a r
P r o b a b i l i t y
to o c c u r
w ith in a
y e a r is
D a m a g e in th e
p a s t w a s n o t
re c o rd e d b u t
c o n s i d e r i n g
T a b le 5 . R is k P ro b a b ili ty A s s e s s m e n t C r ite r ia
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To assess each consequence of the risk items, questionnaire
surveys were conducted involving the enterprise officials
according to the classification criteria. A checklist was made
based on the risk list prepared for the production, logistic,
worker, land, and finance areas having impact on the production
of each enterprise, and five enterprise officials were asked to
assess them by rating them with a five-point scale.
The probability of the risk items was analyzed by examining
the values obtained through the questionnaire surveys and the
flooding and destruction of production facilities, and the quality
degradation in the raw materials and finished product were
selected as the final risk. The error was reduced through a
second round of group discussions after constructing a risk
value questionnaire survey using a checklist.
S c o re R is k p ro b a b il ity P ro b a b ili tyo f U K C P 0 9
IP C C /
U K C IP
C o n s id e r in g
c lim a te c h a n g e
is e x p e c te d th a t
it w il l n o t o c c u r
w ith in 1 0 y e a rs
v e ry lo w
g e o g r a p h i c a l
lo c a t io n a n d
e n v iro n m e n t, it
is ju d g e d th a t
th e p ro b a b ili ty
is e x is te d .
1 (V L )
I t is p o s s ib ile to
o c c u r in th e
w o rs t s itu a t io n . I t
is e x p e c te d th a t
it w il l n o t o c c u r
w ith in 1 0 0 y e a rs
L e s s th a n
1 % /y e a r
T h e
p r o b a b i l i t y
to o c c u r
w ith in a
y e a r is
e x c e p t io n a
lly lo w
N o d a m a g e
o c c u rre d in th e
p a s t a n d th e
p ro b a b ili ty is
lo w
U K C P 0 9 : U K C lim a te p ro je c t io n 2 0 0 9
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Since the purpose of this study is to analyze the degree of
influence climate change has on individual enterprises,
distribution of the questionnaire surveys was limited to staff
members who have abundant experience in the related fields,
such as environmental safety and facility management, in the
relevant enterprise (Cha and Shin, 2006).
To assess the flood risk in the enterprise due to climate
change, in-depth interview were conducted, presenting the
P ro f it -m a k in
g
S ta b le
o rd e r
w in n in g
S ta b le
s u p p ly o f
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a n d to o ls
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e w ith
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(v e ry
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a c h ie v e th e
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S u p p ly is
In te rru p te
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M a n p o w e r
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s u s p e n d e
d
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N o t
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t im e
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A c h ie v e d
th e g o a l
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N o t
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fo r s h o r t
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2 p o in ts
(n o t r is k y )
A c h ie v e d
P a r tia lly
e x c e e d in g
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P a r tia lly
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fo r s h o r t
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S lig h t ly
p ro b le m
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is d e la y e d
fo r s h o r t
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(n o t v e ry
r is k y )
A c h ie v e d
e x c e e d in g
th e g o a l
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th e g o a l
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A c h ie v e d
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T a b le 6 . R isk strength assessm ent item and rating criteria .
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probability of being affected by climate, based on precipitation.
The microscale risk was assessed by constructing the
probability and consequences from the three risks drawn.
Drawing the in-depth interview and damage cases to the
matrix by aggregating them based in the consequence criteria
suggested in Table 6 and the probability criteria suggested in
Table 7, is shown in below figure. If each probability and the
consequence are illustrated with the coordinates by risk item
taking the probability as X-axis and the consequence as Y-axis
by rating them into 5 grades, the risk 1 is corresponded to risk
rating in the risk matrix in Figure 13.
In this study, the risks of the flood commonly great for the
enterprise were drawn and that item by enterprise was
assessed and since the probability and the degree of impact by
risk are different, the assessment results are drawn with 3 risk
matrixes.
Since the risk matrix classified the consequence and the
probability into 5 grades, X-axis and Y-axis are classified to 5
grades each, and the right bottom was classified into dangerous
level, left top into safe level and the other spaces were
classified into normal level.
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F ig u re 1 3 . M e th o d s m a k in g r is k m a tr ix u s in g re s u lts o f r is k c o n s e q u e n c e
a n d r is k p ro b a b ility
3.3.3. Multiscale integrated flood risk
assessments
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To assess the flood risk of the enterprises comprehensively,
the mesoscale and microscale risk assessments were aggregated
in a risk matrix. The results of rating the industrial parks at the
mesoscale were taken as one axis, and the results of rating the
enterprises at the microscale were taken as the other axis, and
the point where the two axes intersect was taken as the final
risk. The final risks can be classified into three grades of
dangerous, normal, and safe, based on the intersection of two
results.
Since the mesoscale considers the climate change scenarios,
the changes in the flood risk from the present (B) to future
(F1, F2, F3 and F4) were assessed using hazard and
vulnerability. Since the assessment results can be expressed
like coordinates depending on each value of vulnerability and
hazard, they can be illustrated in the matrix. They can be
classified again into safe level, normal level and dangerous level
divided in the matrix based on the illustration results.
In the microscale, the current situation of enterprise is
reflected. Since the assessment was made according to the
criteria using the in-depth interview with enterprise officers
and the data of damage cases in the actual enterprise by the
flood, these assessment results are based on the flood
experiences in the past and the present. The mesoscale
considers the future but since the microscale is based on the
present, the spatial scale is not coincided. However, for the
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characteristics of industry sector, once the enterprise completes
the plant and starts the production activities, the situation that
the entire plant is constructed again by the climate change in a
near future like 30 or 50 years rarely happens and the
in-service span of the plant is extended through the partial
repair or replacement. Therefore, assuming that the current
installations are same in the future, it is judged that the
comparison with same matrix is possible. Therefore, the risk
assessment results in the microscale were illustrated in the risk
matrix and were classified into 3 grades (safe level, normal
level and dangerous level).
In the enterprise, the flood risks not only by the facility
management and situation but also by the locational condition
exist. The flood damage occurs in the enterprise by the
enterprise itself such as preparation against the flood in the
infrastructures used by enterprise with the region and diverse
impacts of surrounding environment. Therefore, it was judged that
these parts need be considered comprehensively, and in the
locational aspect, the flood risks in the mesoscale and in the
aspect of enterprise, the flood risks in the microscale were
assessed. The assessment results in two scale were aggregated
by illustrating in one risk matrix. Since this is the assessment
results by standardizing each of them. Although the risk
assessment results in the locational aspect and the risk
assessment results in the aspect of enterprise do not have same
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meaning, it was judged that they can be illustrated in one matrix.
F ig u re 1 4 . T h e r is k a s s e s s m e n t re s u lts in th e m e s o s c a le b y
r is k ite m a re c la s s if ie d in to 3 le v e ls a n d th e r is k a s s e s s m e n t
re s u lts in th e m ic ro s c a le b y r is k ite m a re c la s s if ie d in to 3
le v e ls . A n d th e n , th e y a re c la s s if ie d in to 3 le v e ls b y
a g g re g a t in g th e r is k a s s e s s m e n t re s u lts in th e m ic ro s c a le a n d
th e r is k a s s e s s m e n t re s u lts in th e m e s o s c a le il lu s tra te d in th e
r is k m a tr ix in th e fo rm o f c o o rd in a te s in X -a x is a n d Y -a x is . In
th e m e s o s c a le , B re fe rs to th e p re s e n t, F 1 to 2 0 3 0 s in th e
c lim a te s c e n a r io R C P 4 .5 , F 2 to 2 0 5 0 s o f s a m e s c e n a r io , F 3
to 2 0 3 0 s in th e c lim a te c h a n g e s c e n a r io R C P 8 .5 a n d F 4
re fe rs to 2 0 5 0 s in th e s a m e s c e n a r io . In th e m ic ro s c a le , r1 , R 2
a n d R 3 re fe r to e a c h r is k ite m .
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4. Results and discussion
4.1. Mesoscale risk assessment
1) Result of Hazard
Korean Meteorological Administration constructs scenarios by
assuming a climate trend using the meteorological observation
data from the past, and provides four scenarios from modeling,
based on the assumptions. In this study, hazard was assessed
based on the index using the RCP 4.5 and 8.5 scenarios. As a
results of analyzing the correlation between precipitation and the
degree of damage and damage area in industrial regions across
the country on days when flooding occurred, daily precipitation
of more than 100 mm was found to be significant. Therefore,
the number of days with more than 100 mm of precipitation and
more than five consecutive days of precipitation was used as
the assessment index, thus considering both the intensity and
frequency of rainfall.
According to the climate change scenario, the precipitation in
our country shows gradually increasing trend from 2000 to 2100.
According to the climate change scenario RCP 4.5, the average
precipitation in Korean peninsula later half of 21th century is
increased by 6.2% during the first of three decades (2011~2040),
by 10.5% during the second three decades (2041~2070) and by
16.0% during the third three decades (2071~2100). In scenario
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RCP 8.5, it is increased by 3.3% during the first three decades, by
15.5% during the second three decades and by 17.6% during the
third three decades. Such pattern of climate change shows the
difference in the precipitation increase/decrease according to the
model of each scenario. The precipitation is expected to show the
non-lineal change during the 21st century by the long-period
variability but the warm climate will cause overall change in the
precipitation regardless of scenario (Korea Meteorological
Administration, 2012).
In the results of Kim et al (2012)'s analysis on the vulnerability
for entire country in the aspect of flood control out of the water
management, the vulnerability showed the trend that it is increased
by 2050s and decreased in 2100. In the results of Han et al
(2012)'s assessment on the vulnerability of the infrastructure, the
vulnerability in some capital region and the some Jeollado region is
increased from 2020s to 2050s but increase greatly in the capital
region and Gangwon-do region in 2100s. As such, since the
research results using precipitation by region, target years, and
scenario show the difference, it is necessary to consider
uncertainty using multiple climate change scenario. However, in this
study, HadGEM3-RA model was used out of the RCP 4.5 and 8.5
sceanrios provided by Korea Meteorological Administration because
the detailed South Korea ensemble weather data provides only one
model of HadGEM3-RA. Therefore, this study has limitation that it
is hard to consider the uncertainty. In the research related to
climate, the research on the uncertainty has been performed
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continuously (Georgakakos, 1992; Ferraris et al., 2002) but it is
hard to exclude the uncertainty completely and recently diverse
approaches are attempted to reduce the uncertainty (Lee et al.,
201). Therefore, related to this study, the research to verify the
range of risk through the analysis using the multiple climate
scenario is needed.
In the results of analyzing the precipitation data using the number
of raining days more than 100mm/day as an index, the day having
annual precipitation more than 100mm, was currently represented
as average 1.1 day across the country, and in the future (2030s
and 2050s), it was analyzed as 0.1~0.2 day. it showed the great
deviation by area and currently Geoje area has annual average 2.2
days representing highest frequency. In 2030s, the frequency of
raining more than 100mm is the highest in Gwangyang area
showing annual average 0.5 day (RCP 4.5 scenario) and 1.2 days
(RCP 8.5 scenario). In 2050s, in the RCP 4.5 scenario, Incheon,
Yeonsu-gu area is annual average 0.4 day representing highest
frequency of raining more than 100mm and in RCP 8.5 scenario,
Gwanyang area is highest with 0.5 day.
In the assessment using the index of the number of days with
more than 100 mm of precipitation, the frequency appeared
higher in the present than in the future (the 2030s and 2050s).
This means that the number of rainy days is reduced in the
future (the 2030s and 2050s) compared to the present because
the precipitation pattern in the future is different (Lee et al.,
2013).
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Although currently, the days of raining more than 5 days
consecutively show the distribution from 1.7 times to 7 times,
while in a near future (2030s), it occurs 53 times the lowest in
Sihwa area, Gyeonggi-do and 104.4 times the highest in Geoje
area, Gyeongnam, in RCP 8.5 scenario, it was analyzed that it will
occur 52.6 times the lowest in Paju, Gyeonggi-do and 111.3 times
the highest in Geoje area, Gyeongnam. In Figure 14, the
frequency of five consecutive rainy days was found to increase
greatly in the future compared to the present. Although
currently, the risk is at the 1st grade level, as the number of
consecutive rainy days is small, the risk is increased to the 3rd,
4th,and grade in almost every industrial park in the future (the
2030s and 2050s). That is, analysis showed that the number of
days with more than 100 mm of precipitation in the future (the
2030s and 2050s) would be small, but the number of
consecutive rainy days would be increased when there is
rainfall. Particularly, Gwangyang National Industrial Park (#2)
was analyzed to have the highest grade of risk, now, and its
frequency would be reduced to the 3rd grade and 1st grade in
the future. The Gwangyang area has average precipitation of ,
higher than the national average precipitation, and higher
average humidity based on normal years. Since local torrential
rainfall occurs intermittently and is located close to the
coastline, if the highest tide and local torrential rainfall occur at
the same time, great damage could occur to the region’s
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enterprises. Daebul National Industrial Park in Jeollanam-do is
currently an area with the least number of days with 100 mm
precipitation, and this tendency was determined to be maintained
in the future. Mokpo, Muanssss, the Yeongam area, and Jeonbuk,
where Daebul National Industrial park is located, have relatively
low precipitation compared to other areas, and lower
precipitation than the national average based on normal years
(1981 2010). However, the duration of rainy days was
relatively longer, with 119 days of precipitation in 2015. In the
analysis results of this study, the precipitation was mostly less
than 100 mm, showing that the rainy days have long duration,
but the rainfall intensity is low. Research by Han et al. (2011)
indicated that in the infrastructure vulnerability assessment by
the local governments, Jeollabuk-do has very low probability of
flooding.
F ig u re 1 5 . S ta n d a rd iz e d v a lu e o f N u m b e r o f D a y s w ith P re c ip ita t io n m o re
th a n 1 0 0 m m b y In d u s tr ia l P a rk a c c o rd in g to C lim a te C h a n g e S c e n a r io
(R C P 8 .5 S c e n a r io )
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Comparing the industrial parks where the enterprises subject
to research are located, the number of days with more than 100
mm precipitation in all of four industrial parks appear to be
reduced in the future compared to the present, as shown in
Table 8. This does not indicate reduction of precipitation, but
can be interpreted to indicate that the rainfall intensity will
increase. The Korea Meteorological Administration has
announced that analysis of precipitation over the last 50 years
in Korea indicated that the frequency of rainfall would be
reduced, but the intensity would be increased, which will in turn
result in increased probability of floods and droughts (Bae et
al., 2008). Therefore, it is difficult to assess hazard using only
the number of days with 100 mm of precipitation, with such
changes in precipitation patterns. Therefore, to take rainfall
intensity into account, it was determined to consider rainfall
events comprehensively using the frequency of five consecutive
rainy days as the index.
Analysis indicated that the frequency of occurrence of five
consecutive rainy days using the scenario of climate change,
would be increased in the future, as shown in Figure 15.
Particularly, Small Resources Reserve Park (20), Okpo National
Industrial Park (26), Jukdo National Industrial Park (32), Jisepo
Resources Reserve Park (33), and Pohang Blue Valley (39)
have high probability of rain falling for more than five
consecutive days in the future. Jukdo National Park and Jisepo
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Resources Reserve Park, located in Geoje-do, were analyzed to
have high probability of such rainfall in the future (2030s and
2050s) both in RCP 4.5 and 8.5. Particularly, the precipitation in
the Geoje-do area during normal years (1981 2010) is 2007.3
mm, much higher than the national annual average precipitation.
Since in the future, analysis indicated that not only the
precipitation but also the frequency of more than five days of
rainfall occurring would increase, the industrial parks and
enterprises should assess risks in order to be prepared.
F ig u re 1 6 . S ta n d a rd iz e d v a lu e o f N u m b e r o f D a y s fo r m o re th a n 5
C o n s e c u t iv e D a y s b y In d u s tr ia l P a rk a c c o rd in g to S c e n a r io o f C lim a te
C h a n g e (R C P 8 .5 S c e n a r io )
Comparing the industrial parks where the enterprises subject
to research are located, it was found that the frequency of five
consecutive rainy days occurring would be increased in all four
industrial parks, as shown below (Table 7). Particularly,
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considering all scenarios, OS was rated at the 4th grade level
by 2050, showing high probability of such rainfall. Bae and Lee
(2010) assessed the Ulsan area as having high flood probability
now and in the future as the results of generating the climate
exposure variable using the number of days with daily
precipitation more than 80mm, the daily maximum precipitation,
and the maximum discharge as indexes. In research by Han et
al. (2012), the Ulsan area was assessed as an area with the
highest probability of climate exposure. In Ulsan, the
precipitation is at the national average level, but torrential
rainfall occurs frequently, and during the summer, fog occurs
frequently in the industrial park. Since rainfall intensity can be
increased according to future climate change, comprehensive
risk assessment is needed through vulnerable area analysis.
In d u s tr ia l
p a rk s
In d e x R a tin g
B a s e lin e 2 0 3 0 s 2 0 5 0 sR C P 4 .5 R C P 8 .5 R C P 4 .5 R C P 8 .5
G J (1 ) 1 3 4 3 3
G N (4 ) 1 3 4 3 3
A S (2 2 ) 1 3 4 3 3
O S (2 7 ) 1 4 4 4 4
T a b le 7 . R e s u lts o f ra tin g n u m b e r o f f iv e c o n s e c u tiv e d a y s o f ra in fa l l
in in d u s tr ia l p a rk s w h e re e n te rp r is e s s u b je c t to a s s e s s m e n t a re
lo c a te d .
To assess the hazard, the mean value of two indexes was
standardized and divided into equal intervals. Currently, all 42
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industrial parks are ranked as 1st grade, showing that the
hazard was assessed to be very low. However, the hazard for
all 42 industrial parks are assessed at grades higher than
normal for the future (Figure 17), which means that, considering
both the intensity and frequency of rainfall, the hazard
possibility of flooding in the future is higher than at present.
F ig u re 1 7 . C h a n g e s in h a z a rd ra tin g b y in d u s tr ia l p a rk a c c o rd in g to o f
c lim a te c h a n g e s c e n a r io R C P 8 .5 .
It was assessed that all the hazards in the industrial parks
where the enterprises are subject to assessment are increased
in the future compared to the present. The grades vary
according to the regional characteristics, and GJ is currently
ranked as 2nd grade, showing that the hazard grade is low.
However, in climate scenario RCP 8.5, the hazard grade was
increased by one step in the future (the 2030s and 2050s). It
was observed that the hazard in GN and OS is increased by two
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steps according to the scenario of future climate change,
because the intensity and frequency of rainfall in the relevant
areas are increased in the future, Therefore, the vulnerability of
the industrial parks and enterprises should be assessed
comprehensively.
In d u s tr ia l
p a rk s
G ra d e o f H a z a rd
B a s e lin e 2 0 3 0 s 2 0 5 0 sR C P 4 .5 R C P 8 .5 R C P 4 .5 R C P 8 .5
G J (1 ) 2 2 3 3 3
G N (4 ) 1 2 3 3 3
A S (2 2 ) 2 2 3 3 2
O S (2 7 ) 1 3 3 3 3
T a b le 8 . R e s u lts o f a s s e s s in g h a z a rd o f in d u s tr ia l p a rk s w ith
e n te rp ris e s s u b je c t to a s s e s s m e n t.
2) Vulnerability result
As a results of standardizing the value of deduction the
adaptation ability, the susceptibility are distributed from 0 to 1
point. Since it is the value that the standardization is performed,
it can be classified into degrees with equal interval. In the
vulnerability assessment results of the industrial parks where
the enterprises subject to this assessment are located, AS, GJ
and OS were assessed as 4th degree and GN was assessed as
2nd degree (Table 9). The industrial parks with high
vulnerability are areas high probability of experiencing damage,
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considering the characteristics of the region, when flooding
occurs.
G ra d e o f V u ln e ra b ili ty N u m b e r o f in d u s tr ia l p a rk s
5 (0 .8 ~ 1 .0 ) 2 ,1 4 ,1 7 ,2 0 ,2 3 ,4 0 ,4 2
4 (0 .6 ~ 0 .8 ) G J (1 ) , A S (2 2 ) , O S (2 7 ) , 6 ,7 ,1 2 ,1 8 ,2 6 ,3 2 ,3 3 ,3 8
3 (0 .4 ~ 0 .6 ) 3 ,9 ,1 3 ,1 5 ,2 1 ,2 8 ,3 0
2 (0 .2 ~ 0 .4 ) G N (4 ) , 5 ,8 ,1 6 ,2 5 ,3 4 ,3 7 ,3 9 ,4 1
1 (0 ~ 0 .2 ) 1 0 ,1 1 ,1 9 ,2 4 ,2 9 ,3 1 ,3 5 ,3 6
T a b le 9 . G ra d in g o f f lo o d v u ln e ra b ili ty a s s e s s m e n t
In the vulnerability assessment results, GN, located in the
Boryeong area, was assessed as 4th degree out of 5 degrees,
which means that it is slightly vulnerable to flooding. Since GJ
has a high average inclination and is good drainage, it has low
susceptibility to flooding. Therefore, its susceptibility degree is
2nd degree, showing low susceptibility to flood compared with
other national industrial parks. However, it does not have any
backup facility in case there is a power supply problem due to
flooding, a small green area, and no flood reduction facilities.
Compared to other industrial parks based on this index, it was
assessed as 1st degree because its adaptation ability is the
lowest. In the vulnerability assessment results, since the
difference between the susceptibility and the adaptation ability is
relatively high, it was assessed as being slightly vulnerable (4th
degree).
- 81 -
GN, located in the Gumi area, was assessed as 2nd degree,
showing slight vulnerability to flooding. GN was built during the
early industrial park development stage in the 1970s, and the
vulnerability level, considering climate change and severe
disasters at that time, was low. It is located close to the
Nakdong River, and the altitude is low. However, since it has
good drainage, the flood risk is not great. Therefore, when
susceptibility is assessed based on the index, it is ranked as
2nd degree, showing low susceptibility. In addition, GN has
various roads available even if flooding occurs, and is well
equipped with infrastructure related to salvage. The production
performance of the enterprises within the industrial park is
higher than other areas, and the government provides good
support against flood damage, even though Gumi City has
created and manages the organization dedicated to infrastructure
and disaster management. Since, accordingly, the adaptation
ability is higher than the susceptibility, the flood vulnerability
was represented as 2nd degree, showing a slightly safe level.
AS is located in Pyeongtaek, and the surrounding areas were
assessed as 4th degree, slightly vulnerable to flooding. Asan is
located in an area with soft ground on western coast, but the
average altitude is high, and the number of available roads,
flooding could affect logistics and the employees' commute.
However, since the AS area has good drainage and few
enterprises with high energy consumption, the susceptibility was
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assessed as normal (3rd degree). However, it does not have
any reserve electric power facility for emergencies or enough
flood reduction facilities, and only a small permeable area. It
was thus assessed as 2nd degree, and in the aggregate
vulnerability assessment, it was assessed as slightly vulnerable,
since its adaptation ability is low, although the susceptibility is
normal.
OS, located in the Ulsan area, was also assessed as an
industrial park slightly vulnerable to floods. Since it has good
drainage, although it was built in a low area on the coast line,
the susceptibility was assessed as normal (3rd degree).
However, its flood reduction facilities and the reserve power
supply are not sufficient, nor its emergency facility to cope with
injuries and property damage from flood, thus its adaptation
ability was assessed as being slightly low (2nd degree).
3) Mesoscale risk matrix
The hazard and vulnerability assessed of the industrial parks
where the three enterprises subject to mesoscale assessment
are located are illustrated as a diagram in the risk matrix. The
mesoscale risk was assessed by aggregating the hazards,
climate exposure and vulnerability which means the area is
vulnerable to flooding. Each hazard and vulnerability are
illustrated as a diagram after classifying then into five degrees.
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The mesoscale risk, for which each of them was aggregated,
was classified as safe (green), normal (yellow), and dangerous
(red).
Currently, GJ, which is located in the Boryeong area, has
slightly high vulnerability to flooding, but the hazard was
assessed as second degree, showing that the probability is low.
In the future, the hazard would be increased by precipitation,
but the aggregate risk was assessed as normal. GN, which is
located in the Gumi area, has low vulnerability to flooding, and
its current hazard was assessed as first degree, but in the
future, it shows an inclination for increased hazard in some
scenarios. When considering them comprehensively, both of
them were assessed as safe or normal. AS, which is located in
the area of Pyeongtaek, Gyeonggi-do, has high vulnerability to
flooding, but the hazard was assessed below normal, and the
aggregate risk was assessed as normal. OS, which is located in
the Ulsan area, has high vulnerability to flooding, but its current
hazard was assessed as very low and although it would be
increased to normal, both of them were assessed as normal in
the future.
The hazard was assessed between the 1st and 3rd degrees
according to the characteristics of climate by area, and when
considering the geographical characteristics or characteristics of
the infrastructure, the vulnerability was assessed between the
2nd and 4th degrees. At the mesoscale, four industrial parks
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were assessed as having normal levels of risk but it the risk
level is expected to be close to the dangerous level in the
future, thus it is deemed that the individual risk would vary
greatly depending on the degree of susceptibility and the
adaptation ability of individual enterprises within the industrial
park. Therefore, it is necessary to aggregate them by assessing
the risk both at the mesoscale, which is assessed at the
regional scale, and in the microscale, which is performed with
individual enterprises.
- 85 -
F ig u re 1 8 . R is k m a tr ix o f v u ln e ra b ility a n d h a z a rd a t e a c h in d u s tr ia l
p a rk (A : G J , B : G N , C : A S , D : O S ). G re e n m e a n s s a fe , y e llo w
m e a n s n o rm a l, re d m e a n s d a n g e ro u s . B a n d F in d ic a te tim e s e rie s
(B : b a s e lin e , F 1 : R C P 4 .5 2 0 3 0 s , F 2 : R C P 4 .5 , 2 0 5 0 s , F 3 : R C P 8 .5
2 0 3 0 s , F 4 : R C P 8 .5 , 2 0 5 0 s ) .
- 86 -
4.2. Microscale risk assessment
The flood risks were listed based on a review of both
domestic and international literature, site surveys, and expert
consultations. Then, the flood risks for the enterprises were
drawn through in-depth interviews with officers of the
enterprises subject to assessment. Considering profit-making,
equipment, and materials, workers, compliance with processes, a
total of three risks (flooding and destruction of production
facilities, quality deterioration in raw materials and finished
products, and production suspension by interruption of power
generation due to destruction of power generation plant) were
drawn.
R is k lis t
R is k 1 F lo o d in g a n d D e s tru c t io n o f P ro d u c t io n F a c ilit ie s
R is k 2
Q u a lity D e te r io ra t io n in R a w M a te r ia ls a n d F in is h e d
P ro d u c ts
R is k 3
P ro d u c t io n S u s p e n s io n b y In te rru p t io n o f P o w e r G e n e ra t io n
d u e to D e s tru c t io n o f P o w e r G e n e ra t io n F a c ilit ie s
T a b le 1 0 . M ic ro s c a le e n te rp r is e r is k a s s e s s m e n t ite m s .
The probability and consequence of the three risks drawn
from four enterprises (power plant, manufacturer of electronic
components, EPS manufacturer, and pulp and paper
manufacturer) were assessed. The probability and consequences
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were analyzed with five grades using the in-depth interviews
with the enterprise officers, collected flood damage data (e.g.,
flooding area, recovery amount), and location of the enterprises
subject to assessment. It was defined that the 5th grade has
high flood probability and 1st grade has almost no probability.
Since the business type and process stage, temperature,
humidity, and locational characteristics vary by enterprise, the
probability and the consequence were assessed by aggregating
the characteristics of individual enterprises and cases of damage
by flood. The assessment results were verified through more
in-depth interviews with the enterprise officers. Finally, the
risks were analyzed by aggregating them in a mesoscale risk
matrix.
1) Probability of risks
The thermal power generation plant in Boryeong is located in
GJ, and is composed of a steam power plant that uses
bituminous coal as fuel and a combined-cycle power plant that
uses LNG as fuel. A steam power plant generates electricity by
converting steam obtained by heating water with bituminous coal
into mechanical energy. The major facilities consist of boilers,
steam turbines, and power plants, and the auxiliary facilities
include condensation facilities, combustion facilities,
water-supply facilities, fuel supply facilities, electrical
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installations, instrumentation and control facilities, and
environmental facilities. A combined-cycle power plant first
generates electricity using gas turbines, then generates power
by operating steam turbines with the steam generated from the
heat of exhaust gas.
F ig u re 1 9 . P o w e r g e n e ra tio n p ro c e s s o f s te a m p o w e r p la n t
F ig u re 2 0 . P o w e r g e n e ra tio n p ro c e s s o f c o m b in e d -c y c le p o w e r p la n t
The damage was incurred in the power plant when torrential
rainfall occurred during high tide, rather than a single event of
torrential rainfall. The flooding damage was incurred by flooding
of parts of the power plant by the torrential rainfall on August
15, 2012. The rain had fallen 68 mm/hour for three hours, the
accumulated rainfall was 218 mm, and the damage was
aggravated by overlapping with the high tide, which caused the
slope to collapse, and the electric culvert for the 345 kV
- 89 -
transmission line to be flooded. Some facilities in power plants
1, 2, and 3 were flooded (TBN sump pit, cable room, cond pit,
345 kV tunnel). Facilities located underground were also
flooded. A cost of approximately 50 million won was incurred
by three power plants, for additional sump pumps. Actually, the
damage was caused by torrential rainfall, and since the
probability of flood damage to installations and facilities located
in lowlands is high, Risk 1 was assessed as 4th grade, with
slightly high probability. Efficiency can be deteriorated during
flooding if bituminous coal is used, because bituminous coal is
stored outdoors, but the damage has not been well recorded. In
addition, since the final product of the power plant is electricity,
the efficiency of such fuel does not affect the quality of the
product. However, if the power supply is interrupted by
torrential rainfall, strong wind, or lightning during transmission
through towers and power cables, great damage is incurred in
the power plant. Since torrential rainfall occurs intermittently,
the risk was assessed as 2nd grade, which is slightly probable.
R is k lis t G ra d e o f P ro b a b ility
R is k 1 F lo o d in g a n d D e s tru c t io n o fP ro d u c t io n F a c il it ie s 4
R is k 2 Q u a lity D e te r io ra t io n in R a wM a te r ia ls a n d F in is h e d P ro d u c ts 2
R is k 3
P ro d u c t io n S u s p e n s io n b y
In te r ru p t io n o f P o w e r G e n e ra t io n
d u e to D e s tru c t io n o f P o w e r
G e n e ra t io n F a c ili t ie s
1
T a b le 1 1 . F lo o d r is k p ro b a b ili ty a s s e s s m e n t a t p o w e r p la n t.
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The manufacturer of electronic components located in GN, in
the Gumi area, produces camera modules and packaging
substrate, which are the components of electronic devices. The
production process requires maintaining the temperature to 22
± 2°C and the humidity to 50 ± 5% during production. To
maintain such temperature and humidity, production takes place
in a clean room. If it rains continuously, the number and
operating rate of the equipment to control humidity in the clean
room can be varied. Therefore, flooding can cause changes in
the power consumption to maintain conditions in the clean room,
rather than having a direct impact on the individual processes of
manufacturing electronic components.
F ig u re 2 1 . C a m e ra m o d u le m a n u fa c tu r in g p ro c e s s
F ig u re 2 2 . P a c k a g e s u b s tra te m a n u fa c tu r in g p ro c e s s
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Since the raw materials needed by the manufacturer of
electronic components and the finished products are stored
indoors, flooding due to torrential rains will not have a direct
impact on production. Therefore, Risk 2 was assessed as 1st
grade (the lowest probability). However, since the manufacturing
process uses ultra-pure water, defect can result if the water
treatment facility is defective. In addition, since the electricity
consumption is high (70% of the energy used by the subject
enterprises), if the power supply is interrupted by flooding,
production may be suspended. Indeed, some production lines
have been suspended 3 4 times a year because of changes in
the power supply (sag/instantaneous voltage sag) or phenomena
such as typhoons, floods, and lightning. Therefore, Risk 3 was
assessed as 4th grade, (high probability). In GN, the
manufacturer of electric components is located near the
Nakdong-River, thus the probability of the production facility
being flooded or destroyed is high. Actually, the adjacent
enterprises and road were flooded for approximately five hours
by Typhoon Sanba in September 2012. Although direct damage
has not been incurred in the past by the enterprises subject to
assessment, Risk 1 was assessed as 3rd grade, judging that
there is probability of flooding.
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R is k lis t G ra d e o f P ro b a b ility
R is k 1 F lo o d in g a n d D e s tru c t io n o fP ro d u c t io n F a c il it ie s 1
R is k 2 Q u a lity D e te r io ra t io n in R a w
M a te r ia ls a n d F in is h e d P ro d u c ts
3
R is k 3
P ro d u c t io n S u s p e n s io n b y
In te r ru p t io n o f P o w e r G e n e ra t io n
d u e to D e s tru c t io n o f P o w e r
G e n e ra t io n F a c ili t ie s
4
T a b le 1 2 . F lo o d r is k p ro b a b il ity a s s e s s m e n t fo r m a n u fa c tu re r o f
e le c tr ic c o m p o n e n ts .
EPS manufacturer located in AS in the Pyeongtaek area
produces buffer material (EPS, EPP), insulation materials (EPS),
and sound insulation materials (EPS). In the production process,
the products are passes through phases such as action, sand
figuration. Pustulation expands the raw material after softening
it with water, air, and, steam. The heat medium is saturated
steam, and has advantage of establishing the proper temperature
range by changing the pressure. Maturation refers to the
internal pressure gradually becoming equal to atmospheric
pressure as the air penetrates the foam particles when the
internal pressure is reduced, as the foaming materials are
rejected after pustulation, and makes the residual foam material
endure external pressure by maturing and volatilizing it. Figure
22 23, and 24 are the process of making the product by placing
the EPS in molds after maturing and drying the foamed EPS for
a certain period and by applying steam.
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F ig u re 2 3 . E P S b u ffe r m a te r ia l m a n u fa c tu r in g p ro c e s s
F ig u re 2 4 . E P S in s u la t io n m a te r ia l m a n u fa c tu r in g p ro c e s s
F ig u re 2 5 . E P S S o u n d in s u la t io n m a te r ia ls m a n u fa c tu r in g p ro c e s s
Above <Figure 23, 24 and 25> show the process of
manufacturing EPS buffer materials, EPS insulation materials,
and EPS sound insulation materials in the enterprise subject to
assessment. Since in the pustulation, maturation, and figuration
processes, high temperatures and proper humidity need to be
maintained, they may be susceptible to changes in temperature
and humidity. Particularly, during pustulation, high temperature
must be maintained, and in maturation, humidity (30 50%) must
be maintained at room temperature. When flooding occurs
because of torrential rainfall, humidity could increase and the
temperature could drop, and as the temperature should be
maintained above a certain temperature to reduce the defect
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ratio of the product, precautions should be taken.
Out of all the processing stages, the raw material import,
figuration, and storage stages can be affected by flooding.
Particularly, since the finished products are mostly stored
outdoors, except for the EPP and EPS buffer materials, they can
be swept away by torrential rainfalls that are accompanied by
strong winds. There has been a case where some finished
products were swept away by strong wind. Therefore, Risk 2,
which is the quality deterioration of raw material and finished
product (R2), was assessed as 3rd grade. Since all the related
transportation, from raw material supply to product sales in the
enterprise, are limited to domestic transport, the flood risk
during transportation was small. Since the subject enterprise is
not located on the coastline and the drainage system is managed
well, flooding and destruction of the production facilities do not
occur, and the flood risk of the production facility was assessed
as 1st grade (the least probability). In addition, in the area
where the EPS manufacturer is located, no power supply
interruption has occurred by destruction of electrical facilities
and the seasonal variation in power consumption is low.
Therefore, it was judged that it would not be susceptible to the
season when flooding occurs frequently, and Risk 3 was
assessed as 1st grade (the least probability).
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R is k lis t G ra d e o f P ro b a b il ity
R is k 1 F lo o d in g a n d D e s tru c t io n o fP ro d u c t io n F a c il it ie s 1
R is k 2 Q u a lity D e te r io ra t io n in R a wM a te r ia ls a n d F in is h e d P ro d u c ts 3
R is k 3
P ro d u c t io n S u s p e n s io n b y
In te r ru p t io n o f P o w e r G e n e ra t io n
d u e to D e s tru c t io n o f P o w e r
G e n e ra t io n F a c ili t ie s
1
Table 1 3 . T he grade of flood risk probability assessm ent for E PS M anufac tu re r
The processes of the pulp and paper manufacturer located in
OS, Ulsan, is divided into the pulp process, which
commercializes pulp by producing it from wood chips, and the
paper-making process, which makes the paper by transferring
pulp to the sheet-making process prior to commercializing pulp.
To produce pulp and paper, the enterprise subject to
assessment uses domestic pine trees and some imported woods
to form chips, and keeps them in an open-air storage yard. It
then transfers them to the digester and bleaches them, after
separating the lignin and cellulose from the chips and cleaning
them, consuming large amounts of water in this process. The
water temperature is 80 90°C, and the amount of water
consumed is 65,000 tons per day. Paper is produced by coating
and cutting, through compression and dehydration stages after
bleaching. The facilities consist of, among other things, boilers,
transformers, air compressors, and freezers, and has power
processes-using black liquor generated in the paper-making
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and pulp processes.
F ig u re 2 6 . In te g ra te d p u lp a n d p a p e r p ro c e s s in g
Pulp and paper are mostly made using domestic pine trees
from thinning as raw material, although sometimes, imported
wood chips are used. When wood chips are imported as raw
material, they are received once every two or three weeks to
prepare for torrential rainfall accompanied by strong winds, and
when the weather deteriorates, the raw material supply ship
departs several days later. Large amounts of raw materials are
supplied once every one or two weeks and stored in open-air
storage yards, and production can proceed for one week without
new supply of raw material. However, the wood chips, which
are the raw material, and the paper and pulp, which are the
finished product, are stored in open-air storage yards, thus the
quality of the raw material and the finished products can be
deteriorated when flooding occurs. However, since the subject
enterprise is located on higher ground in OS, it has not
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experienced any damage, although damage was incurred in
adjacent enterprises during the torrential rainfall in 2009.
Therefore, the production facility flooding and destruction risk
(Risk 1) was assessed as 2nd grade, which corresponds to
almost no probability. However, since the location of the
open-air storage yard is relatively low within the same
enterprise, rainwater can gather there, and the probability of
flood risk (Risk 2) was assessed as 4th grade, which is
corresponds to slightly high. Since no great damage has been
incurred by large typhoons, the risk of power generation facility
destruction by flooding (Risk 3) was assessed as low (1st
grade).
It was found that more damage is incurred in the subject
enterprise from the deterioration of wastewater treatment and
the increase of the defect ratio due to increased humidity in the
process than flooding of facilities during torrential rainfall. The
capacity of the wastewater treatment facility is approximately
78,000 , and the normal operation capacity is 60,000 .㎥ ㎥
However, since the operation capacity during torrential rainfall
is 70,000 , approximately 300 million won of damage is㎥
incurred every year by the increased facility maintenance cost
because rainwater that flows into the wastewater treatment
facility increases the amount of wastewater to be treated. In
addition, since the defect ratio and the basic unit of process
energy are increased when the humidity is increased during
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production processes, 30 million won of annual damage is
incurred when flooding occurs.
R is k lis t G ra d e o f P ro b a b il ity
R is k 1 F lo o d in g a n d D e s tru c t io n o f
P ro d u c t io n F a c il it ie s
2
R is k 2 Q u a lity D e te r io ra t io n in R a wM a te r ia ls a n d F in is h e d P ro d u c ts 4
R is k 3
P ro d u c t io n S u s p e n s io n b y
In te r ru p t io n o f P o w e r G e n e ra t io n
d u e to D e s tru c t io n o f P o w e r
G e n e ra t io n F a c ili t ie s
1
T a b le 1 4 . T h e g ra d e o f f lo o d r is k p ro b a b ility a s s e s s m e n t fo r p u lp a n d
p a p e r m a n u fa c tu re r
Three risks (Risk 1, Risk 2, Risk 3) of damage that can be
incurred in the enterprise because of flooding were determined,
and their probabilities were assessed using in-depth interviews
with the enterprise officers and the damage data. In the
assessment results, four enterprises showed different
probabilities for the same risk. These results were caused by
diverse factors such as the facilities and installations of the
enterprises, differences in production processes according to
business type, and characteristics of raw materials. The risks
analysis results were again verified through in-depth interview
with the enterprise officers, and the assessment results were
used to prepare the microscale risk matrix.
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2) Consequence of risks
The assessment results of the consequence of flood risk were
compiled depending on the characteristics of the enterprise and
the business type. The consequence of the risk in the thermal
power plant located in GJ was classified as 4th grade, showing
that considerably great damage may occur, because flooding
occurs when torrential rainstorms coincide with high tide,
causing greater damage, in terms of area and recovery cost,
than damage from any other climate exposure. Analysis showed
that, since the power plant subject to assessment uses some of
the electricity it generates, almost no damage was incurred to
the power plant, although power generation was interrupted.
Since EPS manufacturer in GN operates in an air-conditioned
environment, it is not much impacted by temperature and
humidity, but it was assessed that the power consumption
R is k lis t G ra d e o f C o n s e q u e n c y
R is k 1 F lo o d in g a n d D e s tru c t io n o f
P ro d u c t io n F a c il it ie s
4
R is k 2 Q u a lity D e te r io ra t io n in R a wM a te r ia ls a n d F in is h e d P ro d u c ts 4
R is k 3
P ro d u c t io n S u s p e n s io n b y
In te r ru p t io n o f P o w e r G e n e ra t io n
d u e to D e s tru c t io n o f P o w e r
G e n e ra t io n F a c ili t ie s
0
T a b le 1 5 . T h e g ra d e o f c o n s e q u e n c e s o f f lo o d r is k a t p o w e r p la n t
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needed for temperature and humidity control can increase.
Therefore, the consequence of Risks 1 and 2 (physical damage
by flooding) was assessed to be low. It was assessed that when
the power supply is interrupted, production is not greatly
affected.
In the EPS manufacturer in AN, the semi-finished products
stored outdoors can be swept away or damaged by torrential
rainstorms accompanied by strong winds because they are not
heavy. Therefore, it was assessed that when flooding occurs,
the consequences of Risks 1, 2, and 3 are considerable.
R is k lis t G ra d e o f C o n s e q u e n c y
R is k 1 F lo o d in g a n d D e s tru c t io n o f
P ro d u c t io n F a c il it ie s
2
R is k 2 Q u a lity D e te r io ra t io n in R a wM a te r ia ls a n d F in is h e d P ro d u c ts 2
R is k 3
P ro d u c t io n S u s p e n s io n b y
In te r ru p t io n o f P o w e r G e n e ra t io n
d u e to D e s tru c t io n o f P o w e r
G e n e ra t io n F a c ili t ie s
2
T a b le 1 6 . T h e g ra d e o f c o n s e q u e n c e s o f f lo o d r is k fo r m a n u fa c tu re r o f
e le c tro n ic c o m p o n e n ts
R is k lis t G ra d e o f C o n s e q u e n c y
R is k 1
F lo o d in g a n d D e s tru c t io n o f
P ro d u c t io n F a c il it ie s 3
R is k 2 Q u a lity D e te r io ra t io n in R a wM a te r ia ls a n d F in is h e d P ro d u c ts 4
T a b le 1 7 . T h e g ra d e o f C o n s e q u e n c e s o f flo o d ris k fo r E P S m a n u fa c tu re r
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The pulp and paper manufacturer located in OS, in Ulsan, is
located on high ground. Since it does not have any underground
facilities, the consequence of Risk 1 was assessed as 1st grade.
For Risk 2, the probability of flood risk is small but the raw
materials and products are susceptible to moisture. Therefore,
the consequence of Risk 2 was assessed as 3rd grade, which is
the normal level. When the power supply is interrupted (Risk
3), there exists an emergency power generation facility, thus
when the power supply is interrupted, the impact was assessed
as normal.
R is k lis t G ra d e o f C o n s e q u e n c y
R is k 1 F lo o d in g a n d D e s tru c t io n o fP ro d u c t io n F a c il it ie s 1
R is k 2
Q u a lity D e te r io ra t io n in R a w
M a te r ia ls a n d F in is h e d P ro d u c ts 3
R is k 3
P ro d u c t io n S u s p e n s io n b y
In te r ru p t io n o f P o w e r G e n e ra t io n
d u e to D e s tru c t io n o f P o w e r
G e n e ra t io n F a c ili t ie s
3
T a b le 1 8 . T h e g ra d e o f c o n s e q u e n c e s o f f lo o d r is k fo r a p u lp a n d
p a p e r m a n u fa c tu re r
R is k lis t G ra d e o f C o n s e q u e n c y
R is k 3
P ro d u c t io n S u s p e n s io n b y
In te r ru p t io n o f P o w e r G e n e ra t io n
d u e to D e s tru c t io n o f P o w e r
G e n e ra t io n F a c ili t ie s
4
- 102 -
3) Microscale risk matrix
Three risks, which can be applied commonly to four subject
enterprises, were drawn (Risk 1, Risk 2, and Risk 3), and their
probabilities and consequences were assessed using five grades.
The assessment results were classified as safe (green), normal
(yellow), and dangerous (red). When illustrating four enterprises
in the risk matrix comprehensively, cases where the
consequence is great and the probability is low are assessed as
normal, and cases where the consequence is small and risk
occurs frequently by flooding are assessed as normal.
Since some parts of the power plants are located in low
altitude areas, it was assessed that the production facilities'
flooding and destruction risk would be great. The quality
deterioration of raw material and products by flooding was
assessed as normal (R2), and the production suspension risk
(R3) was assessed to have small probability and consequence.
Therefore, to reduce the Risk 1 level, which was assessed as
dangerous, it is necessary to install additional drain pumps and
to prevent rainwater inflow to the facilities and underground
installations located at low altitudes. Actually, the power plant
within GJ has installed submerged pumps and engine pumps, and
prevented rainwater inflow to the area that was partly flooded
after damage from torrential rainfall. A cost of approximately 50
million won was incurred in three power plants to buy additional
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sump pumps as adaptation measures to reduce risk, considering
future climate change in the long-term.
The risk of flooding and destruction of production facilities in
the EPS manufacturer (Risk 1) was assessed as safe because
its probability is very low, while the consequence is normal.
Although the risk of quality deterioration of raw materials and
finished products (Risk 2) was normal, since the consequence is
slightly large, it was assessed as normal. The suspension of
production by the power supply interruption due to destruction
of power generation facilities (Risk 3) was assessed as
dangerous because the probability is high and the consequence
is considerable.
The risk of flooding and destruction of production facilities in
the manufacturer of electric components (Risk 1) was assessed
as safe because its probability is low and the consequence is
small. Although the quality deterioration of raw materials and
finished products (Risk 2) and suspension of production by
power supply interruption due to destruction of power
generation facilities (Risk 3) have normal or slightly high
probabilities, since their consequence is small, they were
assessed as normal.
The risk of flooding and destruction of production facilities in
the pulp and paper manufacturer (Risk 1) was assessed as safe
because its probability is low and the consequence is trivial.
Although the risk of quality deterioration of raw materials and
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finished products (Risk 2) is normal, since the probability is
high, it was assessed as dangerous. The suspension of
production by power supply interruption due to destruction of
power generation facilities (Risk 3) was assessed as safe
because the probability is very low, while the consequence is
normal.
F ig u re 2 7 . M ic ro s c a le e n te rp ris e r is k a s s e s s m e n t re s u lts . R is k m a tr ix
is c la s s if ie d a s d a n g e ro u s (re d ) , n o rm a l (y e llo w ), a n d s a fe (g re e n ) .
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4.3. Total risk assessment
The mesoscale flood risk was assessed considering the
climate factor, and geographical characteristics and infrastructure
in the industrial parks where the enterprises are located. The
hazard was assessed with the climate factor as the index
related to flood, and the vulnerability, which is the results of
assessing areas vulnerable to flood, and was shown with a risk
matrix by classifying it into five grades. In the microscale, to
assess the flood risk, the potential risks in the enterprise were
determined, and the probability and consequence against the
relevant risk were assessed. The comprehensive risk level by
risk (Risk 1, Risk 2, and Risk 3) was assessed by aggregating
the results of the risk assessment in two spatial units using the
risk matrix. In the mesoscale, although the climate change both
in the present and future were considered, since it is difficult to
analyze the enterprise's plan to respond to future climate
change quantitatively, the analysis was made based only on the
present. Therefore, although there is no consideration for the
future, the microscale risk can be changed if the enterprise
were to invest or take proper actions to resolve the risks.
1) Gojung National Industrial Park : A power plant
When aggregating the assessment results by the flood risks
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(Risk 1, 2 and 3) that can occur in the power plant at the
mesoscale and microscale, Risk 1, Risk 2, and Risk 3 were
assessed as dangerous, normal, and safe, respectively (Figure
28). In the microscale, Risk 1, Risk 2, and Risk 3 were
assessed as dangerous, normal, and safe, respectively. At the
mesoscale, the flood risk was assessed as 2nd grade both for
the present and future (2030s and 2050s), indicating medium
risk (Table 19).
M e s o s c a le M irc o s c a le
B a s e lin e 2 R is k 1 3
2 0 3 0 s R C P 4 .5 2 R is k 2 2R C P 8 .5 2
2 0 5 0 s R C P 4 .5 2 R is k 3 1R C P 8 .5 2
T a b le 1 9 . F lo o d r is k a s s e s s m e n t re s u lts in m a n u fa c tu re r o f p o w e r
p la n ts . E a c h v a lu e is a re p re s e n te d g ra d e o f r is k a s s e s s m e n t re s u lts in
th e tw o s p a t ia l s c a le s . T h is r is k a s s e s s m e n t w a s to ta rg e t th e b a s e lin e ,
2 0 3 0 s a n d 2 0 5 0 s . F o r th e fu tu re , th e R C P 8 .5 a n d R C P 4 .5 s c e n a r io s
w e re u s e d . T h e f lo o d r is k a s s e s s m e n t o n M irc o s c a le w a s e v a lu a te d fo r
th re e r is k ite m s .
The flood assessment results in two spatial scales by risk
(Risk 1, 2, and 3) are shown in Figure 24. Since there was no
change in the grade, although the future was considered, one
comprehensive risk assessment result value by each risk was
drawn.
When aggregating the risk assessment results for Risk 1 at
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the mesoscale and microscale, it was classified as dangerous,
because although the flood risk is normal in the industrial park,
the enterprise risk is great. Since Risk 2 both at the mesoscale
and microscale is normal, it was classified as normal. Since Risk
3 is very low at the microscale and small at the mesoscale, it
was assessed as safe.
Therefore, in case of power plants, investment and
maintenance of the facilities and installation are needed against
flooding. Since the mesoscale risk is not increased by future
climate change, it is necessary to determine the preparation
level based on past flooding damage.
F ig u re 2 8 . C o m p re h e n s iv e flo o d ris k a s s e s s m e n t re s u lt fo r a p o w e r
p la n t. R e s u lts o f ra tin g ris k s fro m p re s e n t to fu tu re (2 0 3 0 s a n d 2 0 5 0 s )
b y m ic ro s c a le a n d m e s o s c a le r is k . T h e b la c k h a tc h e d a re a s in d ic a te
th e le v e l o f e a c h r is k in th e p re s e n t a n d fu tu re (s a fe : g re e n , n o rm a l:
y e llo w , d a n g e ro u s : re d ).
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2) Gumi National Industrial Park : A manufacturer of
Electronic components
The assessment results by flood risks (Risk 1, 2, and 3) that
can occur in the manufacturer of electronic components at the
mesoscale and microscale were aggregated. (Figure 29). At the
microscale, Risk 1, Risk 2, and Risk 3 were assessed as safe,
normal, and normal, respectively. At the mesoscale, the flood
risk was assessed as safe (1st grade) for the present and as
normal (2nd grade) for the future (the 2030s and 2050s).
M e s o s c a le M irc o s c a le
B a s e lin e 1 R is k 1 1
2 0 3 0 s R C P 4 .5 1 R is k 2 2R C P 8 .5 2
2 0 5 0 s R C P 4 .5 2 R is k 3 2R C P 8 .5 2
T a b le 2 0 . F lo o d r is k a s s e s s m e n t re s u lts fo r m a n u fa c tu re r o f e le c tro n ic
c o m p o n e n ts . E a c h v a lu e is a re p re s e n te d g ra d e o f r is k a s s e s s m e n t
re s u lts in th e tw o s p a t ia l s c a le s . T h is r is k a s s e s s m e n t w a s to ta rg e t th e
b a s e lin e , 2 0 3 0 s a n d 2 0 5 0 s . F o r th e fu tu re , th e R C P 8 .5 a n d R C P 4 .5
s c e n a r io s w e re u s e d . T h e f lo o d r is k a s s e s s m e n t o n M irc o s c a le w a s
e v a lu a te d fo r th re e r is k ite m s .
The flood assessment results in two spatial scales by risk
(Risk 1, 2, and 3) are shown in Figure 28. There was a change
in the grade when the future was considered, thus one
comprehensive risk assessment result value for each risk was
drawn.
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When aggregating the risk assessment results for Risk 1 in
the mesoscale and microscale, it was classified as dangerous
level, which is because although the flood risk is normal in the
aspect of industrial park, the enterprise risk is great. Since the
Risk 2 both in the mesoscale and microscale is the normal level
risk, it was classified as normal level. Since Risk 3 is very low
in the microscale and is small in the mesoscale, it was analyzed
as safe level. In the mesoscale, no change was found in the
flood risk assessment results. Therefore, it is necessary to
establish the management and investment plan considering the
range of fluctuation for the present and the future
comprehensively.
Considering climate change when aggregating Risk 1
assessment results in both the mesoscale and microscale, it was
classified as safe (1st grade), because although the flood risk is
safe and normal in the industrial park, the enterprise risk is
low. Since Risk 2 both at the mesoscale and microscale is
normal, it was classified as normal. Since Risk 3 is very low at
the microscale and small at the mesoscale, it was assessed as
safe.
Therefore, in case of power plants, investment in and
maintenance of the facilities and the installation are needed
against flooding and destruction of the production facilities by
flooding. Since Risk 2 at the mesoscale is a low or normal,
when aggregating them, it was classified as safe and normal,
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even when climate change is considered. Although in the
microscale, there is normal risk for Risk 3, at the mesoscale,
there was a change from low to normal based on climate
change. Therefore, the comprehensive risk for Risk 3 should be
considered both safe and normal.
Therefore, in case of manufacturers of electronic component,
since the risk can increase from safe to normal, although it
does not have dangerous risk, long-term management of the
quality of raw materials and products and the power supply
should be performed.
F ig u re 2 9 . C o m p re h e n s iv e flo o d r is k a s s e s s m e n t re s u lt fo r a
m a n u fa c tu re r o f e le c tro n ic c o m p o n e n t. R e s u lts o f ra tin g r is k s fro m
p re s e n t to fu tu re (2 0 3 0 s a n d 2 0 5 0 s ) b y m ic ro s c a le a n d m e s o s c a le
r is k . B la c k h a tc h e d a re a s in d ic a te flu c tu a tio n in th e le v e l o f e a c h ris k
in th e p re s e n t a n d fu tu re (s a fe : g re e n , n o rm a l: y e llo w , d a n g e ro u s :
re d ) .
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3) Asan National Industrial Park : An EPS
manufacturer
When aggregating the risk assessment results by flood risks
(Risk 1, 2 and 3) that can occur in the EPS manufacturer, at
the mesoscale and microscale, Risk 1, Risk 2, and Risk 3 both
in the present and future were classified as safe, safe and
normal, and dangerous, respectively. In the microscale, Risk 1,
Risk 2, and Risk 3 were assessed as safe, normal, and
dangerous, respectively. At the mesoscale, the flood risk was at
the normal level (2nd grade) for both the present and future
(Table 21).
M e s o s c a le M irc o s c a le
B a s e lin e 2 R is k 1 1
2 0 3 0 s R C P 4 .5 2 R is k 2 2R C P 8 .5 2
2 0 5 0 s R C P 4 .5 2 R is k 3 3R C P 8 .5 2
T a b le 2 1 . F lo o d r is k a s s e s s m e n t re s u lts fo r E P S m a n u fa c tu re r . E a c h
v a lu e is a re p re s e n te d g ra d e o f r is k a s s e s s m e n t re s u lts in th e tw o
s p a t ia l s c a le s . T h is r is k a s s e s s m e n t w a s to ta rg e t th e b a s e lin e , 2 0 3 0 s
a n d 2 0 5 0 s . F o r th e fu tu re , th e R C P 8 .5 a n d R C P 4 .5 s c e n a r io s w e re
u s e d . T h e f lo o d r is k a s s e s s m e n t o n M irc o s c a le w a s e v a lu a te d fo r th re e
r is k ite m s .
The flood assessment results in two spatial scales by risk
(Risk 1, 2, and 3) are shown in Figure 30. There was a change
in the grade at the mesoscale when the future was considered.
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When aggregating the risk assessment results for Risk 1 at
the mesoscale and microscale, it was classified as dangerous
even when considering climate change, is because although the
flood risk is safe and normal in the industrial park, the
enterprise risk is low. Since Risk 2 both at the mesoscale and
microscale is normal, it was classified as normal. Since Risk 3
is normal at the mesoscale but great in the microscale, it was
analyzed as dangerous when assessing them comprehensively.
Therefore, it is necessary for the enterprise to prepare against
the risk of power supply interruption. In the EPS manufacturer,
the flood probability is low, considering the geographical and
climatic factors, and that the infrastructure is well managed.
However, since the processes that are susceptible to
temperature and humidity can be affected by instantaneous
power failure during torrential rainfall, flooding, or rainfall
accompanied by strong wind, it was assessed that management
of the power supply and back-up facilities is needed.
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F ig u re 3 0 . C o m p re h e n s iv e flo o d r is k a s s e s s m e n t re s u lt in E P S
m a n u fa c tu re r re s u lts o f ra tin g r is k s fro m p re s e n t to fu tu re (2 0 3 0 s a n d
2 0 5 0 s ) b y m ic ro s c a le a n d m e s o s c a le r is k s . B la c k h a tc h e d a re a s
in d ic a te le v e l o f e a c h ris k in th e p re s e n t a n d fu tu re (s a fe : g re e n ,
n o rm a l: y e llo w , d a n g e ro u s : re d ) .
4) Onsan National Industrial Park : A pulp and paper
manufacturer
When aggregating the risk assessment results by flood risks
(Risk 1, 2 and 3) that can occur in the pulp and paper
manufacturer, at the mesoscale and microscale, Risk 1, Risk 2,
and Risk 3 were classified as safe, normal, and safe,
respectively (Figure 31). At the microscale, Risk 1, Risk 2, and
Risk 3 were assessed as safe, normal, and safe, respectively.
At the mesoscale, the flood risk was at the normal level (2nd
grade) for both the present and future (Table 22).
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M e s o s c a le M ic ro s c a le
B a s e lin e 2 R is k 1 1
2 0 3 0 s R C P 4 .5 2 R is k 2 2R C P 8 .5 2
2 0 5 0 s R C P 4 .5 2 R is k 3 1R C P 8 .5 2
T a b le 2 2 . F lo o d r is k a s s e s s m e n t re s u lts fo r p u lp a n d p a p e r
m a n u fa c tu re r . E a c h v a lu e is a re p re s e n te d g ra d e o f r is k a s s e s s m e n t
re s u lts in th e tw o s p a t ia l s c a le s . T h is r is k a s s e s s m e n t w a s to ta rg e t th e
b a s e lin e , 2 0 3 0 s a n d 2 0 5 0 s . F o r th e fu tu re , th e R C P 8 .5 a n d R C P 4 .5
s c e n a r io s w e re u s e d . T h e f lo o d r is k a s s e s s m e n t o n M ic ro s c a le w a s
e v a lu a te d fo r th re e r is k ite m s .
The flood assessment results in two spatial scales by risk
(Risk 1, 2, and 3) are shown in Figure 27. Since at the
mesoscale, the flood risk is not affected by climate change, the
risks for the present and future (2030s and 2050s) were
assessed as being same, because although the flood risk is safe
and normal in the industrial park, the enterprise risk is low.
Since Risk 2 both at the mesoscale and microscale is normal,
when the two scale were aggregating, the risk was classified as
normal, even when climate change is considered. Since Risk 3 is
low at the microscale and is normal, there was a change.
Therefore, in the case of pulp and paper manufacturers, there is
no dangerous risk, and for Risk 2, it was assessed that caution
is needed because of the characteristics of the business, which
requires wood as raw material. To reduce the flood risk in the
enterprise, it needs to pay attention to the humidity of raw
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materials and finished products, as well as flood damage.
F ig u re 3 1 . C o m p re h e n s iv e f lo o d r is k a s s e s s m e n t re s u lt in p u lp a n d p a p e r
m a n u fa c tu re r fro m ra t in g r is k s fro m p re s e n t to fu tu re (2 0 3 0 s a n d 2 0 5 0 s )
b y m ic ro s c a le a n d m e s o s c a le r is k s . B la c k h a tc h e d a re a s in d ic a te th e
le v e l o f e a c h r is k in th e p re s e n t a n d fu tu re (s a fe : g re e n , n o rm a l: y e llo w ,
d a n g e ro u s : re d ) .
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5. Discussion
In this study, in order for a business to preemptively respond
to future flood damage due to climate change, a multiscale flood
risk assessment method was suggested. The circumstances,
characteristics, and geography of the business and regional
infrastructure were all taken into consideration, and different
methodologies were applied according to this purpose.
This study involved two hypothesis: first, there is a difference
between the urban and industrial sectors regarding when
flooding induced by torrential rainfall may occur; second, the
flood risks in business will be different depending on the
characteristics of the company and surrounding region. To solve
the first hypothesis, actual flood damage cases in industrial
parks and businesses were collected and analyzed in relation to
the rainfall event. As a result, although previous studies used
the number of rain days with more than 80 mm rainfall as an
indicator of torrential rainfall, a trend was shown whereby
flooding damage occurred in the industrial sector when a rainfall
event over 100 mm occurred. To solve the second hypothesis, a
multiscale risk assessment method was developed by separating
the mesoscale and microscale risk through a literature review
and in-depth interviews, and subsequently aggregating the two
scales of risk.
There have been diverse attempts made to consider climate
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change related to the industrial sector but the situation for
businesses has not been considered due to difficulties in data
collection, etc. This study, therefore, developed an assessment
method that was specific to individual businesses, flood damage
cases, in-depth interview data, etc. Currently, domestic studies
related to climate change-related flood risk assessments for
companies are in the initial stage of determining risk by
business type. Internationally, studies assessing the risks for
the characteristics of the business type have been performed,
rather than assessing individual company risks. Most of these
studies determined the flood risk by business type and
performed questionnaire surveys on various businesses after
selecting certain risks. They assessed the risk by analyzing the
investigation results, as well as previous damage cases.
Therefore, this study is valuable in that the flood risk
assessment method comprehensively considers the company and
degree of climate change according to the relevant geographical
characteristics.
In this study, a flood risk assessment method developed from
four businesses was applied. It used current and future (2030s
and 2050s) years as target years and climate change was
considered on the mesoscale. However, on the mesoscale, since
a business in not likely to change or perform maintenance of
facilities due to climate change in the near future, only the
present was considered. This is a limitatioin of the research
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with regards to the in-depth interview, and the damage to
business facilities can be determined based on examples from
the in-depth interviewee. Therefore, in the microscale, this
study only considered the present.
After applying the developed model to four businesses, the
mesoscale flood risk in the Gumi area was assessed as a safe
level for both current years and the 2030s under RCP scenario
4.5. Areas where three of the businesses were located were
assessed as a normal level. On the microscale, the no. 1 item
on the power plant risk list and the no. 3 item on the EPS
manufacturer risk list were assessed as being at normal and
safe levels, respectively, and other company risk items were
also assessed as being at normal and safe levels. The final
business risks were assessed by aggregating the flood risk
assessment results at the mesoscale and microscale.
For the power plant, the production facility flood and damage
risks were assessed as being at dangerous levels. The impact
of the flood on the raw material was assessed as a normal level
and the impact of flooding on power transmission was assessed
as a safe level. Power plants are part of the national
infrastructure and the particular business subject to assessment
is the largest domestic power generation company. Therefore,
when the location was selected, its durability against flood,
typhoon, etc. was of particular importance considering the threat
of natural disasters. However, when the facilities were initially
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built, climate change was not considered; therefore, when
rainfall events exceed the predicted rainfall frequency at the
time of design, the risks can be significantly increased. The
results show that, when considering the location and conditions
of this type of infrastructure, even in the future (2030s and
2050s), it was assessed as a normal risk level. However, if
such a flood did occur, the damage would affect the company by
flooding the facility or raw materials stored in open-air yards.
In fact, when a rainfall event of 80 mm/hour lasts more than 6
hours, the flooding damage would include the low lying areas
within the business and additional costs incurred to recover and
prepare the flood damage to facilities due to unexpected local
torrential rainfall. Therefore, it is necessary to check if there is
any possibility of general flooding of the facilities, and in the
case of facilities on low lying land, to check the drainage
conditions.
At the mesoscale, the flood risk assessment results for the
electronic manufacturer located in the Gumi area were at safe
levels both in the present and near future, but further in the
future, it changed to normal levels. Since the Gumi area
experienced flood damage early in the 2000s, the infrastructure
has been serviced accordingly by establishing countermeasures
to reduce the damage from storms and floods at the government
level, and by the installation of flood prevention facilities.
Although Nakdong River runs through the center of a national
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industrial park, thorough flood preparations have been made
regarding the location and infrastructure; therefore, the flood
risk is small. Regarding the business, since the company subject
to assessment manufactures electronic components, all
production processes are performed under an air-conditioning
system where the temperature and humidity are constantly
controlled. Therefore, since the raw materials and the products
are not stored in open-air yards, the no. 1 risk item was
assessed as being at a safe level. Although all the products are
stored indoors, they may still be affected by the humidity,
therefore the no. 2 risk item was assessed as being at a normal
level. Since the production process is highly dependent on
electricity, sudden power interruptions due to torrential rainfall
also cause damage to the business. However, because of the
low probability and impact, the no. 3 risk item was also
assessed as being at a normal level. When aggregating the
risks, there was a slight change in the comprehensive flood risk
assessment results. At the microscale, since the present and
future conditions were the same, there were no changes in the
rating after aggregation. The risk of deterioration of the raw
materials and finished product quality, as well as the risk of
sudden power interruption, changed from a safe level under
current conditions to a normal level in the future, which means
that the risk will increase in the future.
The EPS manufacturer was assessed as a normal level of risk
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at the mesoscale, both in the present and in the future (2030s
and 2050s). Since the industrial park in Pyeongtaek had
efficiently serviced drainage and well organized company
cooperation within the industrial park, there was no flood
damage risk. The flood possibility was assessed as very low,
yet there was a high probability of sudden power interruption,
therefore it was assessed that production would be suspended
and delayed by the power failure. When aggregating the risks,
the risk to the facilities by power failure was assessed as a
dangerous level. Flooding of other facilities was assessed as
being at a safe level and the risk of raw material and product
quality deterioration by flooding was assessed as being at a
normal level because the risk is small considering climate and
location characteristics, but the power supply required for
production is unstable during flooding. The business subject to
assessment was located within the capital region where
infrastructure and the surrounding areas are well equipped.
Therefore, the infrastructure is well serviced against flooding
but the business can be significantly affected when flooding
occurs. The facilities and the power supply network therefore
need to be checked regularly.
In pulp and paper manufacturing, all items were assessed as a
normal level of risk. At the mesoscale, the risk of raw material
and finished product flooding (Risk 1), as well as sudden power
interruption (Risk 3), was assessed as a safe level, but the
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product quality deterioration risk by flooding was assessed as a
normal level. After making a risk matrix by aggregating the
risks, Risk 2 was a normal level and the other risks were
assessed as a safe level. However, Ulsan area, where the pulp
and paper manufacturer was located, had a high risk in the
hazard assessment results as a result of precipitation. The risk
at the mesoscale was assessed as medium grade considering the
infrastructure and geographical conditions. When aggregating the
risks, because it was assessed as being at a safe or partially
dangerous level, the enterprise has a low flood risk for the near
future due to the characteristics of the business type. The raw
materials and finished products may be affected greatly by
torrential rainfall; therefore precautions should be taken.
Although the relevant business has a significant risk of rarely
being operated when the industrial water supply is affected by
drought, it was assessed that the flood risk would not be
significant.
For the case of the power plant and the EPS manufacturer,
some risk items were assessed as being at a dangerous level.
Other risk items in the same power plant were assessed as a
safe level, which is a result of different risks in the company
and different impacts of the risk on that company. However, the
consequences were assessed using mainly in-depth interview
data and the assessment criteria by analyzing past flood damage
cases at the business. The subjective opinions of the company
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officer are reflected in the determination of the risk items.
However, since the results show the officer’s judgement based
on previous flood damage in the business, it was determined
that the assessment results reflected the actual business
situation. In addition, the risks at the microscale were assessed
by aggregating the probability based on actual damage cases, as
well as the opinion of company officers, although the company
officer judged that the impact would be small when a flood
occurred. The risks were represented as high because the
actual damage frequency was high. Therefore, it is expected
that this study can help to reduce flood damage for this
business.
The vulnerability of the power plant, EPS manufacturer, and
the pulp and paper manufacturer was assessed as 4th grade;
therefore, action against deterioration and flooding is required
regarding the infrastructure. However, in the area where the
business subject to assessment was located, the hazard ranged
from 1st grade to 3rd grade. Therefore, since the probability of
damage by torrential rainfall is low but the vulnerability is high,
there is a normal level of risk. Since such assessment results at
the mesoscale considered the entire industrial park and not the
individual business, a multiscale assessment is required in order
to comprehensively consider the business circumstances, in
which assessment of the same rainfall event that generated the
flood is possible. Therefore, this study suggests an assessment
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method that can assess the flood risks at one company in the
case when the same rainfall event may occur on two spatial
scales.
When comprehensively analyzing the risks, there was a trend
for some risks to increase in the future in some businesses
subject to assessment. However, on the mesoscale, most of the
risks did not fluctuate significantly between the present and the
future (2030s and 2050s). Since it was assumed that the
vulnerable areas were the same both in the present and the
future, the mesoscale impact of the weather on the risk
assessment results in the future was significant. In the climate
change scenario, there are diverse models and scenarios used to
reduce the uncertainty in forecasting the future based on past
data. However, in this study, only two scenarios: RCP 4.5 and
8.5, were considered due to a limitation in collecting the data,
and only one model was used to construct the scenario;
therefore, a weakness of this study was not considering the
uncertainty. In the research of Kourgialas and Karatzas (2016)
assessing the flood risks in Greece, the areas with a very high
risk increased by -4.4 ~ 1% of the entire area, and the area
with a high risk increased by 3.3% ~3%. The research of the
Korea Meteorological Administration shows that (2011), for the
case of RCP 4.5, the average precipitation during 2020~2049
will increase by approximately 8.4% compared to the present,
and for the case of RCP 8.5, the average precipitation from
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2020 ~ 2019 will increase by approximately 5.2% compared to
the present. As such, due to uncertainty in forecasting the
impact of climate change (Takahasi, 2013), Prime et al. (2016)
argued that further related research is needed. If all of the
differences in the various scenarios are considered, the range of
risk can be accurately determined.
In this study, by considering the vulnerable area, including
climate, sensitivity, and adaptation ability, the risks at the
mesoscale were assessed. Furthermore, to assess the probable
risks to business, the risks considering probabilities and the
microscale impacts were assessed. As the risks were
aggregated into a risk matrix, this study did not consider the
impacts due to climate alone. The hazard in this study was
assessed based on the index and the businesses subject to
assessment; therefore, although the value of hazard did not vary
greatly according to future climate change, the other factors
besides climate were thoroughly considered, making it a valid
study on the development of a flood risk assessment system for
businesses.
At the mesoscale, the hazard and vulnerability were assessed
for national industrial parks across the country, and the grade of
the industrial parks where the relevant businesses were located
was marked in the risk matrix by rating the hazard and
vulnerability assessment results. Since flood damage in the
industrial sector occurs after torrential rainfall of more than 100
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mm/day, such an assessment is possible, and the mesoscale
risks were assessed by aggregating the results for the present
with those for the future. On the microscale, the potential risk
items were determined through in-depth interviews with
company officers. The degree of impact was assessed when it
occurred, and the probability of the risks was assessed
according to the criteria by analyzing previous damage cases in
the company. Since this is the company damage based on
experience of damage under extreme circumstances of torrential
rainfall, it can be considered as the intensity of the risk
perceived by the company officers. However, since the
frequency of extreme rainfall events is not determined
objectively from the interview, the frequency was assessed
directly according to previous studies on the frequency and
nature of actual damage. The probable risks and impacts
selected by the company officers are, therefore, the actual
damage felt by the business. It may be subjective but since the
probability of the risk was determined from previous damage
cases, the flood risk assessment results for the company were
determined as objective. Therefore, it is expected that the
results of this study can form the foundation for determining the
degree of risk in a business.
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6. Conclusion
In this study, to consider the flood risks in enterprises
comprehensively, a multiscale flood risk assessment model is
suggested, and its applicability is verified by applying it to the
actual enterprises.
To reduce the damage to enterprises, it is necessary to
identify and assess the risks precisely, assessing not only the
geographical conditions according to the location, climate, and
infrastructure, but also the characteristics of the business type,
management, and working environment in the enterprise
comprehensively. The flood risk at the mesoscale, which
considers the industrial park where the enterprise is located,
and in the microscale, which considers the enterprise, and the
possible flood risks, were assessed comprehensively by
illustrating the results with a risk matrix.
At the mesoscale, to identify the geographical and
meteorological characteristics of the area where the enterprise
is located and the characteristics of the infrastructure, risk was
assessed using the concept of vulnerability and hazard. The
rainfall pattern matched with the industry was used as an index
based on the damage cost, damage area, and recovery cost of
the industrial parks and enterprises after actual torrential
rainfalls, and trends that were different from the flood criteria
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used by local government were found. In this study, the hazard
was assessed considering both the intensity and frequency of
rainfall, using the number of days with more than 100 mm of
precipitation and the frequency of five or more consecutive
rainy days occurring. To assess the area vulnerable to flooding,
the areas susceptible to flooding and the areas with high
adaptation ability were used as an index, and the vulnerability
was assessed by excluding the areas with high adaptation ability
from the susceptible areas. The assessment results were
classified into five grades, and were classified as safe (1st
grade), normal (2nd grade), and dangerous (3rd grade) by
applying the grade of vulnerability and hazard to the risk matrix.
At the microscale, to identify the business type and individual
management status, risk was assessed using the concept of
probability and the consequence. After listing the potential risks
that can occur in the enterprise, three risks with great impact
on the enterprise were selected and assessed. The probability
of the risks were assessed using five grades through the
damage cases in the enterprise by torrential rainfall, inundation
trace maps of the administrative district where the enterprise is
located, and in-depth interviews with the enterprise officers.
The impact of three risks on the enterprise was assessed using
five grades based on the in-depth interviews and written
interview data with the enterprise officers. The risks were
classified as safe (1st grade), normal (2nd grade), and
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dangerous (3rd grade) by applying rated consequence and
probability to the risk matrix.
To determine the flood risk in the enterprise comprehensively,
the risk assessment results, which classified the risks into three
grades at the mesoscale and microscale, were finally classified
as safe (1st grade), normal (2nd grade), and dangerous (3rd
grade) by applying them again to the risk matrix. Since it
aggregates the results in the microscale and mesoscale, as it
comprehensively considers the probability of climate exposure,
vulnerability of the industrial park to flooding, probability of
flooding in the enterprise, and the impacts, this method has the
advantage of managing the flood risk due to climate change
comprehensively, considering the characteristics of the area and
the enterprise.
This methodology is meaningful because it considers not only
the enterprise but also the environment of the area in order to
assess the risks faced by enterprise. It is also meaningful
because it is able to determine that industrial areas have
flooding criteria that are different from those that apply to
general cities. In previous studies, since it is difficult to collect
and analyze the data from enterprises, research related to
climate change and flood risk has been not sufficient. However,
a method to assess the characteristics of enterprises and
management environments comprehensively, considering future
climate change in the long-term view can help to reduce losses
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by reducing the risk faced by enterprises. The assessment
system suggested by this study is a conceptual method, which
can be used for climate phenomena such as droughts as well as
floods, and can be used in managing risks in enterprises.
- 131 -
BIBLIOGRAPHY : English■
Acclimatise, 2009. Understanding the investment implications
of adapting to climate change oil and gas. Oxford,
9-16page.
Aerts, J.C.J.H., Botzen, W.J.W., de Moel, H., and Mowman, M.,
2013. Cost estimates for flood resilience and
protection strategies in New York City. ANNALS of
the new york academy of sciences, 1294, 1-104.
Arellano, A., Cruz, A.M., Steinberg, L.J., Nordvik, J., and
Pisano, F.(eds)., 2004. Analysis of Natech(Natural
hazard triggering technological disasters)disaster
management. European Commission, Joint research
centre.
Arrighi, C., Brugioni, M., Castelli, F., Franceschini, S., and
Mazzanti, B., 2013. Urban Mircoscale flood risk
estimation with parsimonious hydraulic modelling and
census data. Natural hazards earth system sciences,
13, 1375-1391.
Ballesteros-Canovas, J.A., Sanchez-Silva, M., bodeque, J.M.,
and Diez-Herrero, A., 2013. An integrated approach
to flood risk management: A case study of
Navaluenga(Central Spain), Water resource
management, 27, 3051-3069.
Bing, G., Yi, Z., Finfeng, Z., Wenliang, L., Futao, W., Litao,
W., Fuli, Y., Feng Wang, Guang, Y., Wei, L., and Lin
J., 2016. Spatial patterns of ecosystem vulnerability
changes during 2001-2011 in the three0river source
region of the Qinghai-Tivetan Plateau, China. Journal
of arid land, 8(1), 23-35.
Birkmann, J., 2007. Risk and vulnerability indicators at
different scales: Applicability, usefulness and policy
- 132 -
implications. Environmental hazards, 7(1), 20-31.
Birkmann, J., 2013. Measuring vulnerability to promote
disaster-resilient societies and enhance adaptation:
Discussion of conceptual frameworks and definitions.
In: Measuring vulnerability to natural hazards:
Towards disaster resilient societies, Birkmann, J(Ed.),
New York, United Nations University Press,
ISBN-13:9789280812022, 9-54 page.
Brooks, N. Adger, W.N., and Kelly, P.M., 2005. The
determinants of vulnerability and adaptive capacity at
the national level and the implications for adaptation.
Global environmental change, 15, 151-163.
Brooks, N., 2003. Vulnerability, risk and adaptation: A
conceptual framework. Tyndall Centre working paper.
Brooks, N., 2003. Vulnerability, risk and adaptation: a
conceptual framework. Working paper 38, Tyndall
Centre for climate change research, University of
East Anglia, Norwich. Available at: www.tyndall.ac.uk.
Brooks, N., and Adger, W.N., 2003. Country level risk
indicators from outcome data on climate-related
disasters: an exploration of the EM-DAT database.
Ambio submitted for publication.
Bubeck, P. de Moel, H., Bouwer, L.M., and Aerts, J.C.J.H.,
2011. How reliable are projections of future flood
damage? Natural Hazards Earth System Science, 11,
3293 3306.
CEA, 2007. Reducing the social and economic impact of
climate change and natural catastrophes-insurance
solutions and public-private partnerships. CEA,
Brussels.
Chen, Y., Song G., Yang, F., Shushen, S., Zhang Y., and Liu,
Z., 2012. Risk assessment and hierarchical risk
management of enterprises in chemical industrial
parks based on catastrophe theory. International
- 133 -
Journal of Environmental Research and Public Health,
9(12), 4386-4402.
Climate change risk assessment, 2012. Climate change risk
assessment for the business, industry and services
sector, 1-27page.
Coombs, W.T., 2000. Designing post-crisis messages:
Lessons for crisis response strategies, Review of
business. jamaica, 21(3/4), 37-41.
Cruz, A.M., and Krausmann, E., 2013. Vulnerability of the oil
and gas sector to climate change and extreme
weather events. Climate change. 121: 41-53.
Cui, L, Ge, Z., Yuan, L., and Zhang, L., 2015. Vulnerability
assessment of the coastal wetlands in the Yangtze
Estuary, China to sea-level rise, Estuarine, Coastal
and shelf science, 156, 42-51.
de Moel, H., Jongman, B., Kreibich, H., Merz, B.,
Penning-Rowsell, E., and Ward, P.J., 2015. Flood risk
assessments at different spatial scales. Mitigation and
adaptation strategies for global change, 20(6),
865-890.
DEFRA, 2012. Method for undertaking the CCRA Part II
Detailed method for stage, 3, Assess risk.
Einarsson, S., and Rausand, M., 1998. An approach to
vulnerability analysis of complex industrial systems.
Risk analysis, 18(5), 535-546.
EMA, 2003. Critical infrastructure emergency risk
management and assurance, EMA. 29page.
Engemann, K.J., and Henderson, D.M., 2012. Business
continuity and risk management, Rothstein Associates
Inc, 33-58page.
Eric, D.V., Drake, E.W., and Mark, A.E., 2011. A resilience
assesment framework for infrastructure and economic
systems: Quntitative and Qualitative resilience analysis
- 134 -
of petrochemical supply chains to a Hurricane,
American institute of chemical engineers, 30(3),
280-290.
Ferraris, L., R. Rudari, and F. Siccardi, 2002. The uncertainty
in the prediction of flash floods in the northern
Mediterranean environment, Journal of hydrometeorology,
3(6), 714-727.
FHRC, 2011. Methods for creating a flood risk assessment
tool, 1-19 page.
Ford, J.D., Pearce, T., Prno, J., Duerden, F., Ford, L.B.,
Beaumier, M., and Smith, T., 2010. Perceptions of
climate change risks in primary resource use
industries: a survey of the Canadian mining sector,
Regional environmental change, 10, 65-81.
Foudi, S., Oses-Eraso, N., and Tamayo, I., 2015. Integrated
spatial flood risk assessment: The case of Zaragoza,
Land use policy, 42, 278-292.
Gasbarro, F., and Pinkse, J., 2015. Corporate adaptation
behaviour to deal with climate change: The influence
of firm-specific interpretations of physical climate
impacts, Corporate social responsibility and
environmental management, DOI:10.1002/csr.1374.
Gasbarro, F., Rizzi, F., and Frey, M., 2016. Adaptation
measures of energy and utility companies to cope
with water scarcity induced by climate change,
Business strategy and the environment, 25(1), 54-72.
Gaume E., Bain V, Bernardara P. Newinger, O., Barbuc, M.,
Bateman, A., Blaskovicova, L., Bloschl, G., Borgy, M.,
Dumitrescu, A., Daliakopoulos, I., Farcia, J., Irimescu,
A., Kohnova, S., Koutroulis, A., Marchi, L., Matreata,
S., Medina, V., Preciso, E., S.T., D., Stancalie, G.,
Szolgay, J., Tsanis, I., Velasco, D., and Viglione, A.,
2009. A compilation of data on European flash floods.
Journal of hydrology, 367(1-2), 70-78.
- 135 -
Georgakakos, K.P., 1992. Advances in forecasting flash floods,
Proceedings of the 1992 national science foundation,
U.S. National Science council, Taiwan, Joint seminar
on prediction and damage mitigation of
meteorologically induced natural disaster, May 21-24.
1992. National taiwan university, Taipei, Taiwan,
280-291 page.
Ghile, Y.B., Taner, M.U., Brown, C., Grijsen, J.G., and Talbi,
A., 2014. Bottom-up climate risk assessment of
infrastructure investment in the Niger River Basin,
Climatic change, 122:9-110.
Hallegatte, S., 2009. Strategies to an uncertain climate
change. Global environmental change(in press).
Hamdani, Y., Setyawan, D., Setiawan, B., and Affandi, A.K.,
2014. Mainstreaming adaptation climate change into
Strategic environmental assesment case study
Banyusain District, South Sumatra Province. Journal of
sustainable development, 7(6), 8-17.
Hammond M.J., Chen, A.S., Djordjevic, S., Butler, D., and
Mark, O., 2015. Urban flood impact assessment: A
State-of-the-art review, Urban water journal, 12(1),
14-29.
Hay, J., and Mimura, N., 2010. The changing nature of
extreme weather and climate events: risks to
sustainable development, Geomatics, Natural hazards
and risk, 1(1), 3-18.
IPCC, 2014. Climate Change 2014: Synthesis Report.
Contribution of Working Groups I, II and III to the
Fifth Assessment Report of the Intergovernmental
Panel on Climate Change [Core Writing Team, R.K.
Pachauri and L.A. Meyer (eds.)]. IPCC, Geneva,
Switzerland, 151page.
John, F., Dvid, R., Rory, S., Seb, B., Frank, C., 2009.
Understanding the investment implications of adapting
- 136 -
to climate change, acclimatise, 1-21page.
Jones, R., and Boer, R., 2003. Assessing current climate
risks. Adaptation policy framework: a Guide for
policies to facilitate adaptation to climate change,
UNDP: http://www.undp.org/cc/apf.htm.
Kaliraj, S., Chandrasekar, N., Peter, T.S., Selvakumar, S., and
Magesh, N.S., 2015. Mapping of coastal aquifer
vulnerable zone in the south west coast of
Kanyakumari, South India, using GIS-based DRASTIC
model Environmental monitoring assesment, 187,
4073.
Khazai, B., Merz, M., Schulz, C., and Borst, D., 2013. An
integrated indicator framework for spatial assessment
of industrial and social vulnerability to indirect
disaster losses. Natural hazards, 67, 145-167.
Komolafe, A.A., Adegboyega, S.A.A., and Akinluyi, F.O., 2015.
A review of flood risk analysis in Nigeria, American
Journal of environmental sciences, 157-166.
Kourgialas, N.N. and Karatzas, 2016. A flood risk decision
making approach for mediterranean tree crops using
GIS; Climate change effects and flood-tolerant
species, Environmental Science & Policy, 63,
132-142.
Kron, W., 2005. Flood risk=HazardValuesVulnerability,
International water resources association, 30(1),
58-68.
Lacerda, G.B.M., Silva, C., Pimenteira, Kopp Jr., R.V.,
Grumback, R., Rosa, L.P., and de Freitas, M.A.V.,
2014. Guidelines for the strategic management of
flood risks in industrial plant oil in the Brazilian coast:
Adaptive measures to the impacts by relative sea
level rise, Mitigation and adaptation strategies for
global change, 19(7), 1041-1062.
Lacerda, G.B.M., Silva, C., Pimenteria, C.A.P., Kopp Jr. R.V.,
- 137 -
Grumback, R., Rosa, L.P., and de Freitas, M.A., 2014.
Mitigation and Adaptation Strategies for Global
Change, 19, 1041-1062.
Leitch, M., 2010. ISO 31000: 2009-the new international
standard on risk management. Risk analysis, 30,
887-92.
Leiter, A.M., Oberhofer, H., and Raschky, P.A., 2009. Creative
disasters? Flooding effects on capital, labour and
productivity within european firms. Environ resource
economic, 43, 333-350.
Linnenluecke, M.K., Stathakis, A., and Friffiths, A., 2011. Firm
relocation as adaptive response to climate change and
weather extremes, Global environmental change, 21,
123-133.
Muller, S.A., Carlile, A., Bras, B., Niemann, T.A., Rokosz,
S.M., McKenzie, H.L., Kim, H.C., and Wallington, T.J.,
2015. Requirements for water assessment tools: An
automotive industry perspective, water resources and
industry, 9, 30-44.
Munich Re, 2013. Natural catastrophes in the first half year
of 2013, Munich Re NatCatSERVICE.
Nam W.H., Hayes, M.J., Svoboda, M.D., Tadesse, T., and
Wilhite, D.A., 2015. Drought hazard assessment in the
context of climate change for South Korea.
Agricultural water management, 160, 106-117.
Nhuan, M.T., Hien, L.T.T., Ha, N.T.H., Hue, N.T.H., and Quy,
T.D., 2014. An integrated and quantitative
vulnerability assessment for proactive hazard
response and sustainability: a case study on the Chan
May-Lang Co Gulf area, Central Vietnam,
Sustainability Science, 9, 399-409.
Ramieri, E., Hartley, A., Barbanti, A., Duarte Santos F.,
Gomes, A., Hilden, M., Laihonen, P., Marinova, N., and
Santini, M., 2011. Methods for assessing coastal
- 138 -
vulnerability to climate change, European Topic
Centre on climate change impacts, vulnerability and
adaptation(ETC CCA) technical paper, Bologna(IT).
93, Oct 2011.
Rizzi, J., Gallina, V., Torresan, S., Critto, A., Gana.S., and
Marcomini, A., 2016. Regional risk assessment
addressing the impacts of climate change in the
coastal area of the Gulf of Gabes(Tunisia),
Sustainability Science, 11(3), 455-476.
Rodrigues, M.A., Arezes, P.M., and Leao, C.P., 2015. Defining
risk acceptance criteria in occupational settings: A
case study in the furniture industrial sector, Safety
Science, 80, 288-295.
RSSB, 2011. Safety risk model risk profile bulletin version 7,
1-192page.
Ryu, J., Lee, D.K., Park, C., Ahn, Y., Lee, S., Choi, K., and
Jung, T.Y., 2016. Assessment of the vulnerability of
industrial parks to flood in South Korea, Natural
hazards, 82(2), 811-825.
Salzano, E., Basco, A., Busini, V., Cozzani, V., Marzo, E., Rota,
R., and Spadoni, G., 2013. Public awareness promoting
new or emerging risks: industrial accidents triggered
by natural hazards(NaTech). Journal of risk research,
16(3-4), 469-485.
Schroter, K., Kunz, M., Elmer, F., Muhr, B., and Merz, B.,
2015. What made the June 2013 flood in Germany an
exceptional event? A hydro-meteorological evaluation.
Hydrology and earth system sciences, 19, 309-327.
Smith, D.I., 1994. Flood damage estimation a review of urban
stage damage curves and loss functions. Water SA.,
20(3), 231 238.
Smith, K., 1996. Environmental Hazards: Assessing Risk and
Reducing Disaster. 2nd ed. Routledge,
London/U.S.A./Canada.
- 139 -
Stenchion, P., 1997. Development and disaster management.
Australian Journal of emergency management, 12,
40-44.
Tariq, M.A.U.R., 2013. Risk-based flood zoning employing
expected annual damages: the Chenab River case
study, Sto Environ Res Risk Assess, 27, 1957-1966.
Tavares, A.O., dos Santos, P.P., Freire, P., Fortunanto, A.B.,
Rilo, A., and Sa, L., 2015. Flooding hazard in the
Tagus estuarine area: The challenge of scale in
vulnerability assessments, Environmental
science&Policy, 51, 238-255.
Terner, B.L., Kasperson, R.E., Matsone, P.A., McCarthy, J.J.,
Corell, R.W., Christensen, L., Eckley, N., Kasperson,
J.X., Luers, A., Martello, M.L., Polsky, C., Pulsipher,
A., and Schiller, A., 2003. A framework for
vulnerability analysis in sustainability science.
Proceedings of the National academy of sciences of
the United States of America, 100(14), 8074-8079.
UNDHA, 1992. Internationally Agreed glossary of basic terms
related to disaster management. United nations
department of Humanitarian Affairs, Geneva.
UNISDR, 2009. Terminology on Disaster risk reduction(DRR).
Geneva, Switzerland, UNISDR.
United Nations International Strategy for Disaster
Reduction(UN/ISDR), 2004. Living with Risk. A global
review of disaster reduction initiatives. 2004 version.
UN Publications, Geneva.
Wang, S.Q., Tiong, R.L.K., Ting, S.K., and Ashley, D., 2000.
Journal of Construction engineering and management,
126(3), 242-250.
Winsemius, B.C., Van Beek, L.P.H., Jongman, B., Ward, P.J.,
and Bouwman, A., 2013. A framework for global river
flood risk assessments. Hydrology and earth system
sciences, 17, 1871-1892.
- 140 -
Wisner, B., 2002. Who? What? When? in an emergency: notes
on possible indicators of vulnerability and resilience:
by phase of the disaster management cycle and social
actor. In: Plate, E.(Ed.) Environment and human
Security: Contributions to a Workshop in Bonn, 23-25
October 2002, Germany, 12/7-12/14 page.
Yan, B., Li, S., Wang, J., Ge, Z., and Zhang, L., 2016.
Socio-economic vulnerability of the megacity of
Shanghai (China) to sea-level rise and associated
storm surges. Regional Environmental Change, 16(5),
1443-1456.
Zelenakova, M., Ganova, L., Purcz, P., and Satrapa, L., 2015.
Methodology of flood risk assessment from flash
floods based on hazard and vulnerability of the river
basin, Natural hazards, 79, 2055-2071.
- 141 -
BIBLIOGRAPHY : Korean■
Ahn, S., 2015. A case study of the risk identification in
construction project, KJCEM, 16(1), 15-23.
Bae, C.Y., Oh, Y.G., Baek, G.H., Choi, K.L., Lee, S.H., and
Lee, D.K., 2013. A study on climate change
vulnerability assessment index and weights of
industrial sectors-focused on Petroleum and
Automobile industries. Journal of the Korea planning
association, 48(2), 313-328.
Bae, D.H., and Lee, M.H., 2010. Flood vulnerability
assessment and case analysis of climate change.
Korea planning association, 244, 20-31.
CCRA, 2012. Climate change risk assessment methodology
report. 16page.
Cha, H.S., and Shin, G.Y., 2006. Risk Assessment　
Methodology By Analyzing Degree of Perception for
Project Characteristic Factors on Cost Performance.
Architectural institute of korea, 22(8), 125-132.
Cho, H.J., and Kim, K.B., 2015. Assessment of the Social
vulnerability in the climate change induced-flood risk:
focused on the City of Incheon, Weather research,
10(4), 341-354.
Cho, J.M., Gong, S.Y., and Baeck, S.A., 2010. Policies to
enhance the capacity of climate change adaptation on
the low income people . Korea environmentⅠ
institute.
Cho, Y.S., 2005. Forcasting on the Shape of innovative cluster
in Seoul Digital Complex and policy Theme, The
Korean regional development association, 17(1),
73-90.
Choi, H.A., Lee, W.K., Kwak, H.B., Choi, S.H., Byun, J.G.,
- 142 -
Woo, S.J., and Guishan, C., 2009. Climate change
vulnenability assessment based on spatio-temporal
information. Korea spatial information society, 11(3),
63-69.
Jung Y.J., Woo, S.H., and Park, K.S., 2015, The importance of
plant location decision-making in the petrochemical
industry. Journal of korea port economic association,
31(1), 127-145.
Kang, H.W., Min, B.J., and Kim, Y.S., 2010. A Study on the
Costs Variation Range through the Risk Factors for
Overseas Plant Projects. Korea Journal of construction
engineering and management, 26(7), 139-146.
Kang, J., and Oh, K., 2014. Establishing flood vulnerability
assessment indicies for climate change adaptation and
its application: The case of the Seoul metropolitan
area, Journal of the Korean urban management
association, 27(4), 43-67.
Kang, J.E., and Lee, M.J., 2012. Assessment of Flood
vulnerability to climate change using Fuzzy model and
GIS in Seoul. Journal of Korean Association of
geographic information studies, 15(3), 119-136.
Kim, D.H., 2015. Risk Assessment and Classification for
Climate Change Adaptation: Application on the Method
of Climate Change Risk Assessment in the UK.
Journal of environmental policy, 14(1), 53-83.
Kim, D.H., and Park, C.S., 2012. United Kingdom of Climate
change risk assessment and meaning of policy(CCRA
2012), Environment Forum, 177, 1-8.
Kim, D.P., 2014. The effect of climate change and social
responsibility, Gyeongnam development institute,
134(9), 40-47.
Kim, H.T., and Jung, S.H., 2015. A study on risk assessment
of Multi0vessel accidents in petrochemical industry by
Natech disaster, Korean journal of hazardous
- 143 -
materials, 3(2), 40-44.
Kim, J., Sung, H.H., and Choi, G., 2013. Spatial Patterns of
Urban Flood Vulnerability in Seoul, Journal of the
Korean association of regional geographers, 19(4),
615-626.
Kim, J.S., and Lee, J.H., 2012. Economic impact analysis
according to construction of industrial parks. The
economic geographical society of Korea, 15(3),
390-403.
Kim, S.M., and Kim, N.E., 2012. A study on Vulnerability
Assessment to Climate Change: Focused on 22
Municipalities of JeollaNamDo. The Korean association
for Governance, 19(2), 99-123.
Koh, J., 2011. A Study on Climate Change Vulnerability
Types and Adaptation in Local Government : With
Cases from Gyeonggi-Do. Seoul Association for
public administration, 22(2), 93-118.
Korea energy agency, 2015. The research of climate change
vulnerability assessment on industrial sector and
agenda setting
Korea industrial complex enterprise, 2014. The statistics of
the Korea industrial complex in 10 years. 10page.
Korea meteorological administration, 2011. Understanding
climate change scenarios and case utilizing
Korea meteorological administration, 2012. Understanding
climate change scenarios and case utilizing
Kwon, H., Ryu, J., Seo, C., Kim, J., Tho, J., Suh, M., and
Park, C., 2012. Climatic and environmental effects on
distribution of narrow range plants, Journal of Korean
environmental reservation technology, 15(6), 17-27.
Lee, D.H., and Jung, G.T., 2003. Application cases of risk
assessment for British Railtrack system, Journal of
the Ergonomics society of Korea, 1(22), 81-94.
- 144 -
Lee, J.M., Kum, D., Kim, Y.S., KIm, Y.J., Kang, H., Jang, C.H.,
Lee, G.J., and Lim, K.J., 2013. Prediction of SWAT
Stream flow using only future precipitation data,
Journal of Korean society on water environment,
29(1), 88-96.
Lee, K.H., Kim, H.S., Kim, S.J. and Kim, B.S., 2010.
Estimation of flash flood guidance considering
uncertainty of rainfall-runoff model, Korean wetlands
society, 12(3), 155-163.
Lee, M.K., 2008. The impacts of climate change from
Human-ecological and industrial perspectives,
Keimvung Korean Studies journal, 36, 91-137.
Lee, M.K., and Kim, H.S., 2008. Climate change effect on
Ecological humanities and industrial sector. Acta
Koreana conference. 45-69page
Lee, M.K., and Kim, H.S., 2010. climate change impact on
competitiveness: determinants of competitiveness and
development of indicators. Environmental and resource
economics review, 19(2), 383-411.
Lee, S.K., and Lee, M.C., 2007. The research of risk type
and Response strategies effect on products. The
Korean journal of advertising and public relations,
9(3), 186-218.
Lee, S.M., Kim, S.M., and Lee, Y.H., 2012. Introduction of the
MBCP and Risk assessment of underground Limestone
Mine, Tunnel and underground space, 22(6), 383-392.
Ministry of environment, 2012. Climate change Vulnerability
map for detailed government adaptation policy,
Gwacheon.
Ministry of environment, 2014. Water demand forecast manual
Ministry of Knowledge Economy, 2012. Research of climate
change vulnerability on industrial sector.
Oh, Y.K., 2014. Issues of Natech risk management, Korea
- 145 -
institute of public administration, 13(4), 79-105.
Park, J., Park, S., Lim, B., and Kim, S., 2015. A study of how
supply chain companies correspond to water risk
resulted from climate change, Journal of korea safe
management science, 17(1), 149-168.
Park, J.H., Lee, D.K., Lee, M.J., Chan, P., Jung, T.Y., Kim,
S.K., Hong, S.C., Baek, S.J., and Lee, J.H., 2015.
Estimating climate pollutants emissions and service
demands considering socio-economic change:
Residential, Commercial sector, Transportation sector,
Industrial sector, Journal of climate change research,
6(4), 291-302.
Park, S.H., 2010. Enterprise productivity analysis by location
type. Gyeonggi research institute, 11, 1-97.
Park, S.H., 2012. Technical Efficiency on the Classification of
Enterprise-Location in Korean Manufacturing
Industries. Review of business and economics, 25(1),
761-776.
Park, S.H., Park, J.S., and Lee, K.S., 2015. An Empirical
Study on Water Risk Response According to Company
Size by Climate Change. Korea Research Academy Of
Distribution and Management, 18(3), 47-59.
Park, Y.C., 2009. Improvement of National industrial parks
policy. Korea Research Institute For Human
Settlements, 328(2), 24-37.
Shin, H., and Lee, S., 2014. Development of a Climate Change
Vulnerability Index on the Health Care Sector. Journal
of environmental policy, 13(1), 69-93.
Yoo, Y.H., 1998. Industrial parks in Korea. Korea Research
Institute for Human Settlements.
Yoon, S.G., 2012. Flood Risk and vulnerability analysis in an




최근 기후변화로 인하여 도시 및 산업계에 미치는 기상재해의 피해가
증가하고 있다 특히 집중호우로 인한 도시 및 산업시설의 침수피해는 직.
접적으로 국가 경제에 큰 영향을 미치며 피해를 복구하기 위하여 많은,
복구비용을 사용하게 된다 미래 기후변화에 따라 홍수에 의한 피해가 증.
가할 것으로 예측되고 있기 때문에 피해 저감을 위하여 미래 기후변화에
따른 홍수피해를 정확히 평가할 수 있는 평가 방법이 필요하다.
리스크평가는 홍수 및 자연재해 등으로 인한 도시 및 기업의 피해를 사
전에 대응하기 위한 평가 방법으로 주로 사용되고 있다 실제 피해사례에.
기반 하여 발생 가능한 홍수로 인한 피해를 목록화 하여 이에 대해 발생
가능성과 피해 규모로 리스크를 평가하고 있다 이를 공간에 적용하여 취.
약지역에 발생하는 해저드로 리스크를 평가하기도 한다 기존에는 도시에.
대한 홍수 리스크평가 일부 기업이 재무 재표를 이용하여 경제적 이익을,
극대화 하기위해 자체적으로 리스크평가를 하고 있다 하지만 기업이 홍.
수에 대한 리스크의 정도를 정확히 판단할 수 있는 평가 툴이 을 평가하
기 위해서는 기업뿐만 아니라 기업이 입지한 산업단지까지 고려한 평가가
필요하다 이는 기업이 생산활동을 하는데 공업용수 및 도로 전기 등 인. ,
프라를 산업단지 단위로 관리하는 경우가 많기 때문이다 따라서 이러한.
측면을 고려한 종합적인 기업의 홍수 리스크평가가 필요하다.
본 연구에서는 기후변화에 따른 홍수 리스크를 평가하기 위하여 다중스
케일을 고려한 리스크 평가 체계를 제시하고자 한다 이를 위하여 첫째. ,
거시적 공간 범위와 미시적 공간범위를 정의하고 평가 대상 및 평가 대상
의 공간범위를 설정하였다 둘째 각 공간단위에서의 평가 방법을 선정하. ,
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였다 평가방법은 평가 목적 및 공간 범위에 따라 달라질 수 있으며 거. ,
시적 스케일에서의 리스크평가는 취약성과 해저드의 개념을 이용하였고,
미시적 스케일에서의 리스크평가는 발생가능성과 발생으로 인한 영향의
개념을 이용하였다 셋째 현장조사 전문가 자문 기후변화 시나리오 관. , , , ,
계자와의 심층인터뷰 실제 기업 및 산업단지 내의 홍수로 인한 피해 자,
료를 수집하여 데이터를 구축하였다 거시적 스케일과 미시적 스케일에서.
각각 리스크를 평가 후에 이를 리스크 매트릭스로 종합하여 최종적으로
기업의 홍수 리스크를 평가하였다 이러한 평가 체계는 기업과 관계된 다.
양한 환경 및 기업의 특성을 고려하여 기업의 실제 홍수 리스크를 저감시
키는 유용한 평가 툴로 사용할 수 있을 것이다.
본 연구는 다중스케일에서 홍수 리스크평가 체계를 제안하고 이를 적
용하였다 업종을 고려하여 홍수리스크 평가가 필요한 기업 개를 선정하. 4
였다 선정된 기업은 발전소 전자부품제조사 제조사 펄프제지 제조. , , EPS ,
사이다.
거시적 스케일에서는 지표를 기반으로 해저드와 취약성을 평가하고 등
급화 후 각 평가 결과를 리스크 매트릭스로 종합하였다 지표는 선행연, .
구로 목록화 하였으며 기후변화 및 산업부문 전문가 및 기업 관계자 기, ,
업을 관리하는 지방자치단체 인력관리공단 산업단지관리공단 등의 관계, ,
자에게 자문 및 심층인터뷰로 지표를 검토를 받아 평가 취약성 지표를 선
정하였다 문헌 연구 및 실제 홍수로 인한 산업단지 및 기업의 피해사례.
자료를 수집하여 해저드의 평가지표를 선정하였다 해저드와 취약성평가.
는 산업단지 별로 각각 개의 등급으로 평가하였으며 평가 결과를 리스5 ,
크 매트릭스에 도식화하여 개의 기업이 입지한 산업단지의 거시적 스케4
일에서의 리스크를 평가하였다 최종 평가한 결과는 안전 등급 주의. (1 ), (2
등급 위험 등급 으로 구분하였다 발전소는 현재와 미래 모두 주의등급), (3 ) .
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으로 평가되었다 전자부품제조사는 현재와 가까운 미래에 리스크가 안전.
등급이었으며 년대에는 주의등급으로 리스크가 증가하는 것으로 분, 2050
석되었다 제조사는 현재와 미래 모두 주의등급으로 평가되었으며. EPS ,
펄프 및 제지 제조사도 현재와 미래 모두 주의등급으로 평가되었다.
미시적 스케일에서는 문헌연구 및 피해사례 수집 등을 통하여 홍수 리
스크를 목록화 후 평가 기업에 발생 가능한 리스크를 개 선택하였다, 3 .
선택한 리스크에 대하여 기업 관계자와의 심층 인터뷰 및 피해자료 수집,
인근 대상지의 침수흔적도 등의 자료를 이용하여 발생가능성과 영향을 5
등급으로 평가하였다 각 평가한 결과를 리스크 매트릭스에 도식화하여.
안전 등급 주의 등급 위험 등급 으로 구분하였다 발전소는 에(1 ), (2 ), (3 ) . Risk1
대하여 위험등급 는 주의 은 안전 등급으로 평가하였다 전, Risk2 , Risk3 .
자부품제조사는 은 안전 와 은 주의등급으로 평가되Risk1 , Risk 2 Risk 3
었다 제조사의 경우 은 안전등급 는 주의등급. EPS Risk 1 , Risk 2 , Risk 3
은 위험등급으로 평가되었다 펄프제지 제조사의 경우 은 안전등. Risk 1,3
급 는 위험등급으로 평가되었다 이는 모두 현재 기업의 시설관, Risk 2 .
리의 현황을 기준으로 평가한 결과이다.
미시적 스케일과 거시적 스케일에서의 평가 결과를 다시 리스트 매트릭
스에 도식화하여 종합적으로 기업의 홍수 리스크를 평가하였다 거시적.
스케일에서는 기후변화를 고려하였다 하지만 미시적 스케일에서는 기업.
의 기후변화에 따른 변화를 반영하기 어려우며 기후변화를 고려한 시설,
설비에 대한 투자가 불확실하기 때문에 현재를 기준으로 평가하였다 한.
번 설립된 기업이 년대까지 시설설비의 일부 보수 및 교체 이외에2050
증감이 없을 것으로 판단하였기 때문에 거시적 스케일에서의 리스크평가
결과와 미시적 스케일에서의 리스크평가 결과를 하나의 매트릭스 내에서
비교를 하였다 따라서 거시적 스케일에서는 현재와 미래를 표시하였으.
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며 각각에 대하여 미시적 스케일에서의 현재 값을 적용하였다 발전소는, .
에 대하여 위험등급 는 주의 은 안전 등급으로 평가하Risk1 , Risk2 , Risk3
였다 전자부품제조사는 은 안전 와 은 현재에는 안. Risk1 , Risk 2 Risk 3
전등급이지만 미래에는 주의 등급으로 변할 것으로 평가되었다 이처럼, .
기업이 현재와 동일한 기준의 홍수를 고려한 시설설비를 가동 할 때에
미래의 기후변화에 따른 기업의 홍수 리스크 위험 정도의 변화를 확인할
수 있었다.
본 연구의 결과는 기업 관계자와의 회 이상의 심층인터뷰와 홍수로2
인한 기업의 피해사례 기업이 입지한 지역의 피해사례 기업과 관계된, ,
지방자치단체 및 각종 관리기구와의 인터뷰 및 자료를 수집하여 데이터를
구축하였다 이러한 자료는 실제 기업에 발생 가능한 홍수 리스크의 위험.
정도를 종합적으로 판단하여 피해 저감에 활용하기 용이하다 기업에서는.
미래 기후변화로 발생 가능한 자연재해 대비를 위한 투자를 하기보다 생,
산실적 증가를 위한 투자를 우선적으로 하기 때문에 산업과 기후변화 특,
히 기업과 기후변화의 관계를 평가하는 연구가 미흡한 상황이었다 따라.
서 다중스케일을 고려한 기업의 홍수 리스크평가 방법은 기업의 장기적인
측면에서의 홍수 리스크 관리에 유용하게 사용할 수 있을 것으로 기대한
다.
주요어 리스크 리스크평가 리스크분석 홍수 산업단지 산업 거시: , , , , , ,　




Appendix . Information of the Industrial parksⅠ
N o . S y m b o l N a m e o f in d u s tr ia l p a rk s L o c a tio n
1 G J
G o ju n g n a tio n a l in d u s tr ia l
p a rk
B o ry e o n g c ity , C h u n g n a m
2 G Y
G w a n g y a n g n a tio n a l
in d u s tr ia l p a rk
G w a n g y a n g c ity
3 G S V G w a n g ju S c ie n c e v a lle y B o o k g u , G w a n g ju c ity
4 G N
G u m i n a tio n a l in d u s tr ia l
p a rk
G u m i c ity , G y e o n g s a n g b u k -d o
5 G H G u m i-H ig h te c h G u m i c ity , G y e o n g s a n g b u k -d o
6 G S
G u n s a n n a tio n a l in d u s tr ia l
p a rk
G u n s a n c ity , J e o lla b u k -d o
7 G S 2
G u n s a n 2 n a tio n a l
in d u s tr ia l p a rk
Y e o n s u g u , In c h e o n c ity
8 N D
N a m d o n g n a tio n a l
in d u s tr ia l p a rk
D a ls e o n g -g u n , D a e g u
9 D S D a ls u n g 2 in d u s tr ia l p a rk D a ls e o n g -g u n , D a e g u
1 0 D G D a e g u S c ie n c e p a rk D a ls e o n g -g u n , D a e g u
1 1 D D D a e d u c k In n o p o lis Y u s e o n g -g u , D a e je o n
1 2 D B
D a e b u l n a t io n a l in d u s tr ia l
p a rk
M o k p o ,J e o lla n a m -d o
1 3 D J
D a e ju k s to c k -u p re s o u rc e s
in d u s tr ia l p a rk
S e o s a n , C h u n g c h e o n g n a m -d o
1 4 M N
M y u n g ji-N o k s a n n a tio n a l
in d u s tr ia l p a rk
G a n g s e o -g u , P u s a n
1 5 B S
B a n w o l-S iw h a B a n w o l
s p e c a il z o n e s h iw h a
S ih e u n g , G y e o n g g i-d o
1 6 B A
B a n w o l-A n s a n B a n w o l
s p e c a il z o n e A n s a n
A n s a n , G y e o n g g i-d o
1 7 B E
B o e u n n a tio n a l in d u s tr ia l
p a rk
B o e u n , C h u n g c h e o n g b u k -d o
1 8 B P
B u c k p y o u n g n a tio n a l
in d u s tr ia l p a rk
D o n g h a e , G a n g w o n -d o
1 9 B G B itg re e n in d u s tr ia l p a rk H a m p y e o n g , J e o lla n a m -d o
2 0 S I
S a m il s to c k -u p re s o u rc e s
in d u s tr ia l p a rk
Y e o s u , J e o lla n a m -d o
2 1 S M
S s e o n g m u n n a tio n a l
in d u s tr ia l p a rk
D a n g jin , C h u n g c h e o n g n a m -d o
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2 2 A S
A s a n n a tio n a l in d u s tr ia l
p a rk
P y e o n g ta e k , G y e o n g g i-d o
2 3 A J
A h n ju n g n a tio n a l in d u s tr ia l
p a rk
T o n g ye o n g , C h u n g ch e o n g n a m -d o
2 4 Y S
Y e o s u n a tio n a l in d u s tr ia l
p a rk
Y e o s u , J e o lla n a m -d o
2 5 O S 1
O so n g b iosc ien ce ind u stria l
pa rk
C h e o n g ju , C h u n g c h e o n g b u k -d o
2 6 O P
O k p o n a tio n a l in d u s tr ia l
p a rk
G e o je , C h u n g c h e o n g n a m -d o
2 7 O S
O n s a n n a tio n a l in d u s tr ia l
p a rk
U lju , U ls a n
2 8 U M
U ls a n -M ip o n a tio n a l
in d u s tr ia l p a rk
U ls a n
2 9 W S W o ls u n g re s id e n tia l s ite G y e o n g ju , C h u n g c h e o n g b u k -d o
3 0 IS
Ik s a n 1 n a tio n a l in d u s tr ia l
p a rk
Ik s a n , J e o lla b u k -d o
3 1 J H
J a n g h a n g n a tio n a l
in d u s tr ia l p a rk
S e o c h e o n , C h u n g c h e o n g n a m -d o
3 2 J D
J u k d o n a tio n a l in d u s tr ia l
p a rk
G e o je , C h u n g c h e o n g n a m -d o
3 3 J P
J is e p o s to c k -u p re s o u rc e s
in d u s tr ia l p a rk
G e o je , C h u n g c h e o n g n a m -d o
3 4 J H
J in h a e n a tio n a l in d u s tr ia l
p a rk
J in h a e , C h u n g c h e o n g n a m -d o
3 5 C W
C h a n g w o n n a tio n a l
in d u s tr ia l p a rk
C h a n g w o n , C h u n g c h e o n g n a m -d o
3 6 P B 1 P a ju -B o o k c ity P a ju , G y e o n g g i-d o
3 7 P T
P a ju ta n h u y n g s m a ll a n d
m id s iz e in d u s tr ia l p a rk s
P a ju , G y e o n g g i-d o
3 8 P H
P o h a n g n a tio n a l in d u s tr ia l
p a rk
P o h a n g , G y e o n g s a n g b u k -d o
3 9 P Y P o h a n g B lu e b e lly P o h a n g , G y e o n g s a n g b u k -d o
4 0 H B B u p yu n g , K o re a n e xp o rtin g B u p e o n g -g u , In c h e o n
4 1 H S S e o u l, K o re a n e x p o r t in g G u ro , S e o u l
4 2 H J J u a h n , K o re a n e x p o rt in g In c h e o n
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Appendix .Ⅱ In-depth interview Material 1
* T h is m a te r ia l w a s th e c o lle c te d d a ta fro m th e K o re a E n e rg y R e s e a rc h
a g e n c y re s e a rc h , 2 0 1 5
극한조건 하 설문지 작성( )
1. 집중호우가 발생할 경우 에너지 사용량이 달라집니까?
( )
2. 달라질 경우 어떤 단계에서 어떤 에너지가 추가됩니까 혹은 절약됩니까, ? ?
( )
3. 집중호우에 따른 에너지사용량 변동이 기업에 미칠 리스크를 평가해 주십시오.
1 2 3 4 5
이익창출 초과달성 V 이익창출없음




인적자원 공급원활 V 공급중단
공정준수 공정달성 V 공정중지
습도 등의 변화로 인하여 설비의 출력이 달라지는 경우가 있다면 설명과4.
함께 리스크를 평가해 주십시오
( )
수자원 공급에 영향을 받는 제품의 비율은5. ?
( )
수자원 공급에 영향을 받는 원자재의 비율은6. ?
( )
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Appendix . In-depth interview Material 2Ⅱ
* T h is m a te r ia l w a s th e c o lle c te d d a ta fro m th e K o re a E n e rg y R e s e a rc h
a g e n c y re s e a rc h , 2 0 1 5
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Appendix . The lists of dataⅢ
D a ta C o n te x t S o u rc e s
C lim a te c h a n g e
s c e n a r io s
RCP4.5,8.5 HadGEM 3RA
m odel (accum ulated data
400 years)
K o re a M e te o ro lo g ic a l
A d m in is tra t io n W e b -s ite
D E M , S lo p e D ig ita l m a p N a tio n a l g e o g ra p h icin fo rm a t io n in s t i tu te
In u n d a t io n tra c e
m a p In u n d a t io n tra c e m a p
L o c a l a u to n o m o u s
e n t ity
S o il m a p D ra in a g e c la s s e s
S o il a n d e n v iro n m e n ta l
in fo rm a t io n s y s te m o f
k o re a
B o u n d a ry o f
in d u s tr ia l p a rk s
B o u n d a ry o f in d u s tr ia l
p a rk s
K o re a in d u s tr ia l
c o m p le x c o rp o ra t io n
S ta tu s o f In d u s tr ia l
p a rk s
In fo rm a t io n o f
in fra s tru c tu re a b o u t
e a c h in d u s tr ia l p a rk s
K o re a in d u s tr ia l
c o m p le x c o rp o ra t io n
L a n d c o v e r g re e n s p a c e a re a
Im p e rv io u s a re a ra t io s
M in is try o f e n v iro n m e n t
F lo o d re d u c t io n
fa c i lit ie s
F lo o d m it ig a t io n
fa c i lit ie s c a p a c ity
In te rv ie w o f lo c a l
g o v e rn m e n t o ff ic ia ls
